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The values in the following table should be substituted for those under Group $, summer and annual, in Table ad . 
3, page 7: 


Summer Annual 
Altitude (meters) 

Direction Velocity Direction Velocity 
8S. 24 E. 3.9 8. 42E 4.6 
S. 15 E, 5.1 19 E 6.3 
8. 14 E. 5. 6 8. 16 E. 7.0 
8S. 4E. 5.2 8S. 7.8 
S. 68, 5. 2 S. 65 W. 8.4 
S. 11 E. 5.5 8. 77: W. 10. 0 
2 W. 6: 2 S. 83 W. 
. 56 6. 9 N. 88 W. 13. 6 
N. 3 E. 7.8 | N, 51 15.1 
S008. N. 33 E. 9.8 |. N.29W. 19.1 
E. 11.2 N. 32 W. 23. 0 


MontTuiy November, f 


Page 455 (paper on “Graphical Thermodynamics of the Free Air”) instead a "yi (4)”’ just preceding equation (12), read: “and the 
nonadiabatic form of Poisson’s equation, viz, 7'/T>= (p/po) *®/*, WwW 


Montary Weatser Review, February, 1927: 


Page 62, the legend to figure 3 should read: “ Rainfall period of the Punjab (entire data series)"; the legend to fi re 4 
should read: ‘‘ Rainfall periodogram of the British Isles.” eg 
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INTERPRETATION OF CORRELATION COEFFICIENTS 


By C. F. 


A paper of great scientific and practical importance has 
been published under the above title by S. Krichewsky, 
Technical Assistant, Ministey, of Public Works, Egypt, 
Physical Department Paper No. 22, 1927. 

rior to 1921, students employing correlation coeffi- 
cients in the investigation of scientific questions were 
accustomed to gauge the significance of a coefficient by 
its magnitude and probable error. Mr. W. H. Dines? 
showed that— 


_ If there is a cause A.and a result M with a correlation r between 
apy then in the long run A is responsible for r? of the variation 


Krichewsky points out that, although the validity of 


the r? or Dines’ law was known to be based on the as- 


sumption that the cause A must be entirely independent 
of other contributory causes, B, C, etc., to variations of 
M, and therefore limited in its nevertheless 
this limitation has been so ligh y emphasized that re- 
search workers may easily disregard its fundamental 
assumptions. In fact, he quotes a sentence in the article 
by the present writer on the question of day-to-da 
fluctuations of the solar constant’? as an actual example 
of the misapplication of the law. 

In discussing a table giving, among others, the corre- 
lation coefficient + 0.69 between E,, the bolographic solar 
constant and A» the pyrheliometer readings extrapolated 


by straight lines to zero air mass, I stated that “the 


coefficient + 0.69, interpreted by Dines’ law, means that 


48 per cent of day-to-day variation in these two values. 
of solar constant, which are derived from the same 


parent data, occur in synchronism.” This. application 
of the r? law is of course a technical error, because Ey and 
Ao, drawn from the same parent data, are obviously 
affected by covariation, due.to possible changes in solar 
intensity, plus interrelated causes. The effect of this 
error on my analysis was to cause me to assi md 48 

er cent as the measure of synchronism of f and Ap, 

ue to a common cause, whereas Krichewsky now claims 
that “more than 69 per cent of the variation of E, occurs 
in synchronism with less than 69 per cent of the variation 
of A, as a result of the common factor J, + a, provided 
the individual errors of these two values of the solar 
constant are mutually uncorrelated.” 

Asking the question, is Hrichewaky not. himself in 
error in the application of .his extended 7? law to the 
particular case under consideration, I wish to make it 
plain that while writing my paper I was fully aware that 
a high relationship must. exist between and Ay as 
shown by the following words which immediately pre- 
cede those quoted by Krichewsky: , 


Errorless values of Hy and A» should show a high correlation, 


unless the fortuitous differences betweeen them due to polychro- 


! Meteorological Magazine, Feb , 1921, p. 20. 
1 MONTHLY WEATHER Review, July, 1925.58: 205. 
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matic radiation, as distinguished from all other causes of error, 
are themselves inherently large. This is a matter deserving fuller 
investigation. 

This statement is, I believe, absolutely correct, pro- 
vided J), the solar intensity is truly variable, otherwise 
the whole question takes on another aspect, which we 
mean to discuss presently. 

In spite of the delivhisal misapplication of Dines’s law, 
the general correctness of my interpretation of the sig- 
nificance of the correlation coefficients has not been 
vitiated by Krichewsky’s criticism in any material way. 
Believing this claim is fully justified, I now wish to 
analyze more closely Krichewsky’s equation (3), page 3, 
as it applies to solar observations. he object is to indi- 
cate why it does not seem to be applicable to the correla- 
tion +0.69 between EZ, and Ay and to examine its utility 


in a more general way. 


Writing Krichewsky’s law in the form of an equation, 
it is: 
@) 


in which, as applied to solar observations, we may say 
r, and 7, are the respective coefficients of correlation be- 
tween the true solar intensity J) outside the earth’s 
atmosphere and two measured effects M@, and M, between 
which there is the correlation ry. M, and M, also very 
under two respective separate causes B and C, both inde- 
yess of Jo and of each other, and which may indeed 


_be only errors of observation. The final assumption 1s 


that the variables are in linear relationship. The values 
FE, and A, drawn from the same parent data can not be 
put in the place of M, and M, because B and (@ as other 
causes of variation, while independent of J), are both 
functions of atmospheric transparency, and in addition 
comprise errors of observations of the pyrheliometer 
which are common in their effects upon both XZ and Apo. 
Krichewsky was probably not aware of the intimacy of 
relationship between the errors of KH, and A». In an 
case it was the above reasoning which caused me to 

the question I did. 

. The foregoing, moreover, leads to one or more impor- 
tant corollaries: 

' (1) Solar constant values like 2, Ao, or any other 
value drawn from a given body of parent observations 


on the same days and. at a single station can not satisfy 


the fundamental assumptions underlying equation (3). 
(2) Homogeneous values of EZ, at. two widely separated 
stations may represent M, and M, in Krichewsky’s prob- 
lem; provided, first, that the values are nearly simulta- 
neous, but especially that they are not previously arti- 


ficially correlated by corrections and adjustments based 
upon interstation comparisons or other treatment that 
pe gi the complete independence of the station values, 
and provided, second, that the losses by atmospheric 
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absorption do not cause more or less the same systematic 
effects at both stations, such as shown by annual peri- 
odicity in values of EZ, or the negative correlation of EZ, 
and air transparency 
(3) Homogeneous values of EK, at a single station, but 
separated by a sufficiently long interval of time, as a fort- 
ight, a month, or otherwise, might be used as values of 
Ue and M,, provided the covariation due to atmospheric 
transparency at the separate intervals were entirely 
independent, thus satisfying the fundamental assump- 
tions. 
It is very doubtful if any existing values of K at 
separate stations are sufficiently free from artificial as 
well as physical correlations due to terrestrial cause 
to justify the labor of analyzing them by means of the 
relationships Krichewsky has developed. 

The full significance of the simple relations presented 
by equation (3) is so well stated by its author that we 
can not do better than quote him in full: 

(a) The two unknown coefficients r; and r,; can not be deter- 
mined from ry, unless some additional information exists about 
their mutual relation. 

(b) Neither of the two is smaller than T2, Otherwise one of 
them would be greater than unity, which is impossible. Hence 


the values of r, and r; lie between ry and unity. 
(c) The equation (3) may be written 


which means that the correlation coefficient between M, and M; 
is equal to the geometric mean of the actual variations occurring 
in both owing to the action of A. [Same as I,, c. F. M.] 

Two important corollaries may be drawn from (4). 

(i) If the values of r; and rz be unequal, say ri1<r; then 


(4a) re<ra<r? 
(it) If then 
(4b) 


So it appears that in this particular case the coefficient of the 
correlation itself and not its square is the true measure of the 
percentage of covariation occurring in the two variables owing 
to a third controlling factor. It may be of interest to point out 
that the relation (4b) might be used to calculate r=~7r. in order 
to estimate A from the data given by two instruments M, and M, 
or two observers working simultaneously and known to be of equal 
precision. 

In this connection the following formule should be added. 
Bquexing and adding up each of the equations (1) we obtain the 
relations. 


(5) of=r? of+e,? 


which allow of estimating the relative magnitudes of r; and r; 
or even their exact values in case the standard deviations or 
the ratios «,/e; and ¢,/c, are exactly known. If only one of the 
latter is known the formula (3) furnishes the second relation to 
solve for 7; and ro. 

The equations (5) may be interpreted that in the long ru 
A is responsible for r,; of the scatter occurring in M as meas 

by the square of its standard deviation. This fact is nothing 
else than Dines’s law. 

(d) Lastly, let us add the useful interpretation of the formula 
(3) that the correlation coefficient r; between M, and its true 
controlling factor A is reduced by rz per cent, and becomes ry, in 
case M, is substituted for A to represent it with a degree of precision 
measured by rp. 


We now come to the most important aspect of the 
whole question of interpretation. 

Equation (3) and all the relations and deductions that 
precede are based upon the pure assumption that J, is 
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really an independent variable. However, the magnitude 
and nature of possible variations in J) have not as yet 
been conclusively disclosed and évaluated. Accordingly, 
we are fully justified in making the assumption that J)1s @ 
constant within limits of the precision of measurements of 
M, and M,. How must the correlation coefficient r,;; be 
interpreted under this assumption? Obviously 7, and r, 
are nonexistent and is the covariation 
due to B and C, which in the case of solar measurements 
at a single station not only comprise independent in- 
strumental errors of different kinds but also errors 
in common and effects due to atmospheric transparency. 
I believe no one has computed actual values of r,. so we 
can hardly say what will be found even if data satisfying 
the basic assumptions were available. 

. If J, is constant then errorless values E, would have to 
be strictly a constant and A» a variable depending upon 
the effects which arise from extrapolation of pyrhelio- 
meter readings to zero air mass by straight lines. The 
coefficient +0.69 must therefore be interpreted to mean 
that a comparatively large part of the pyrheliometer and 
bolographic fluctuations which originate in the initial 
observations and measurements are extrapolated to zero 
air mass. 

If we assume solar variability, then equations like (3) 
will seem to support solar variability. On the other hand, 
if interpreted on the assumption that J, is constant, the 
same correlation coefficients (like 7,.) represent nothing 
whatever but local terrestrial and instrumental effects. 
This is peculiarly the case in the analysis of solar data 
—, the total fluctuations are quantitatively very 
small. 

In my earlier paper I set up three simultaneous equa- 
tions (10), (11), (12), pages 289 and 290, in MonTHLY 
Weartuer Review, July, 1925, by which the solar varia- 
bility could be computed from independent observations 
at two stations. Owing to the lack of suitable observa- 
tions up to the present time it has never been possible 
to apply these equations in any practical way. I am 
now impressed, however, with the importance of repeat- 
ing a word of caution I expresssed in the earlier article 
and which must always govern the interpretation we 
put upon results secured from equations based upon 
certain hypothetical assumptions which may not in fact 
be justified. The quotation reads: 

The mathematician recognizes, of course, that securing a seem- 
ingly rational and finite value of o; [solar variations] in the solution 
of the three equations for a group of simultaneous observations 
is no proof of solar variability. Having assumed solar variability, 
a solution of the equations simply apportions to solar variation 
such part of the total variation as best satisfies the observations 
at the two stations under the assumed conditions. Some sets of 
observations may give imaginary roots, and it is obvious that 
errors of observation can be neither zero nor imaginary. 

Solar variation can be shown by these equations only when the 
results are based on several groups of data from wholly independent 
stations. As pointed out above, equations of the type of (9) are 
valid only if o; is unrelated to o, or o, in magnitude. 

In addition to the comparatively simple and elementary 
gerry of Krichewsky’s paper discussed in the foregoing 

e has extended his analysis to # general investigation of 
Dines’s law. This important addition to the statisti- 


cians’ facilities for the interpretation of the results of 
their investigations is discussed in the following paper 
by Mr. Woolard. | 
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ON THE INTERPRETATION OF CORRELATION COEFFICIENTS IN THE ANALYSIS OF CAUSAL RELATIONS IN 


By Eve@ar W. 


It has often been emphasized that statistical investi- 
gation includes a great deal more than the mere collec- 
tion and tabulation of numerical data, and the compu- 
tation of the various indices and coefficients. The most 
important, and in general, the most difficult, part of a 
statistical study is the interpretation of the arithmetical 
results; in other words, we must distinguish between sta- 
tistical description and statistical inference. The deter- 
mination of the physical meaning of correlation coeffi- 
cients is a particularly intricate and difficult problem: 
The importance of a “significiant’”’ coefficient depends 
jointly on its size and the purposes it is to serve; the 
coefficient is an index of concomitant variation, but if 
the r ion “‘equation’” formed from it is to be of 
value for prediction, the variables must be highly corre- 
lated (1); on the other hand, if correlation has been em- 
ployed primarily for the purpose of ever what 
relations, if any, exist between different variables, a 
small coefficient is just as likely to give valuable infor- 
mation as a large one. However, the coefficient itself 
indicates only the resultant covariation due to all the 
connecting paths of influence, and is no index whatever 
to physical cause and effect (2). We must carefully 
discriminate between causal connection and mere covaria- 
tion; and not infrequently the interpretation of a given 
coefficient in terms of the former is difficult or impossible, 
even though after having observed all possible precau- 
tions we are convinced it is statistically significant. 

Attempts at the determination of causes by statistical 
methods—e. g., by Bayes,.Kapteyn, McEwen and 
Michael, and others—do not seem to have proved 
general, very successful; however, the results of recent 
investigations (3) seem to show that the theory of corre- 
lation gives promise of being able to effect a certain 

. amount of poe toward the solution of this problem. 
The law of causality and the doctrine of uniformity, 
which constitute the foundation of all human knowledge, 
imply the complete ‘and unique determination of each 
phenomenon by some definite complex of causes; our 
problem in any given'case is to find what portion of the 
variation of some given quantity X’, is directly caused 
by (not merely simultaneous with) given variations in 

each of all the various X,, ... . influencing 

‘The fundamental principles: mentioned above im- 
ply the existence of some definite mathematical equation 
Xi, Xe, =0 which, if it could be found 
would supply the solution of our problem. Probably all 

_ phenomena are determined by an indefinitely great num- 
‘ber of causes; in the “exact’’ sciences, however, we deal 
with gear emnens that involve a very few highly correlated 
variables together with a greater or less number of in- 
fluences either negligible or else subject to control or 
elimination, and ‘we can ‘find, more or less easily, a 
mathematical function—“ theoretical’ (deductive) or 
“empirical”? (inductive)—connecting the variables, that 
accurately expresses the phenomenon by an exact equa- 
tion (at least over a certain range) except for the inevi- 
table small “‘ accidental errors” due to the neglected in- 
fluences; but many natural phenomena are the result of 
the simultaneous action of very great number of in- 
fluences all of coordinate importance, mutually corre- 
lated in highly varying degrees, and difficult or impossible 
to isolate or control. For use under these latter circum- 
stances, the methods of statistics have been devised, in 


» in 


which the concepts of contingency and correlation are 
substituted for those of causation and functionality. Of 
course, there exists every possible gradation between the 
eh extremes (4). 

t 


=f(Xi, X2, Xn Xan, X ) (1) 


be the (unknown) cpap and exact relation expressing 
a given phenomenon. t M, be the mean of X,;, and put 


Xo =a,X, + + 0, (2) 
where C=M,— Sa, M;.. Then the actual, or observed, 


value will be X’o, the value computed by (2) from the 
observed values of the X, will be Xo, and the error of 
estimate will be —Ao. 

Let x,= X,— M; be the departure, and o, the standard 
deviation, of X,; and put z,;=2,/c;. Then (2) becomes 


where (¢;/0)). The X;may be mutually correlated 
in any manner, but the assumption will here be made 
that all relations are linear. The theory of linear partial 
correlation determines the a, so that the sum of the 
squares of the errors of estimate is a minimum; the a, 
then become partial regression coefficients—the regres- 
sions of X, on the X, when the remaining variables are 
held constant—and c,2, is the contribution of z; to 2}. 
The ordinary regression equation formed from a gross 
correlation coefficient gives the average value of one 
variable associated with any particular value of another 
variable: thus on the average, for any 
given value of.z, the value of z is z;=7r,,2,; and Kri- 
chewsky (3) points out that therefore the successive 
terms on the right of 


= 2'9 Poti (5) 


give the parts of the variation of X, which in the long run 
are due to the fluctuations in each of the X;. Krichewsky 
proves that 2 E is equa! to the square of the ordin 
correlation coefficient (correlation between 
and X>), which quantity therefore measures the exactness 
of (2); if (2) is exact and complete, > H=1 and X,=X). 
If we adopt the square of the standard deviation, or 
variance, as & measure of variation ‘‘on the average”’, or 
‘tin the long run”, then, as Krichewsky shows, the £,, 
divide the variance of X, among the causes in such a way 
as to supply fair and adequate quantitative measures of 
the extent to which each of the complete set of causes 


affects X’5. An E may be either positive or negative; the 
percentage of the variance of X, due to X; is 
(6) 


It seems to the reviewer, however, that if in practise we 
find = E,; is not close to unity, then what (6) measures 
is not the percentage of o, due to X;, but the percen 
of o due to X;—i. e., the percentage of that part of the 
variation of X, which (2) takes into account. 

The fact that for any two variables we may always 
write (o,/0;) +, where the mean of is zero, so 


. 
| | 
| 
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that o et (1 does not permit us to hold 
X; for the shure of o7;, unless X, is com- 
pletely independent of all the other causes of X,, in which 
case, as Krichewsky shows, Z,,=r*,,; in this particular 
case, Dines’s law holds, but if ry is the result of intricate 
intercorrelation between X, and a number of mutually 
correlated causes, then r *,, merely measures the degree of 
covariation between X, and X,; the measure of causal con- 
nection is E,,. If all the X,; are mutually independent, 
n 


and if (2) is exact, then = r?.=1. 


The analysis of the variance of a composite variable 
by means of the £Z,,, together with a careful study of the 
partial correlation coefficients, should be of material 
assistance in seeking a pe explanation for a series 
of gross coefficients and in evaluating the relative im- 
portance of different causal factors, although there still 
remains need for caution in drawing final conclusions, 
particularly (it seems to the reviewer) if 2H+1. In 
this connection, it is helpful to have at hand, for com- 
parison purposes, the relations which hold in various 
special cases: For example, if three variables exactly sat- 
isfy the relation x,=az,+be;, and if r44=0, then if the 
partial correlation coefficient actually accomplishes what 
it is supposed to, we should have ry2.3=?13,..=1.00; and 
it is a matter of simple, though somewhat cumbersome, 
algebra to show that this is the case (5); hence 
r'3(1—r'42)=7'43(1—7°13), from which, and the formule 
for the regression coefficients, 713 = 6(¢3/01); 
then E,,= = + E30’; 
E=1; and Again, if M, and 
are two effects of the cause As, 712.3=0, 713.2 13; 
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123.1123; this case has been discussed in some detail by 
C.F. Marvin in the preceding paper. If A:, A; are the 
two causes of a result M,, and are themselves correlated, 
Ti2.3 And so on. 

As an illustration of how the above principles may be 
made to aid in the interpretation of correlation coeffi- 
cients from the viewpoint of cause and effect, Krichewsky 
applies them to some of W. H. Dines’s well-known 
coefficients; an extended investigation of this character 
would probably bring out clearly the physical implication 
of these coefficients and help appreciably in answering 
the many interesting questions raised by them. — 
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A STUDY OF THE POSSIBILITY OF ECONOMIC VALUE IN STATISTICAL INVESTIGATIONS OF RAINFALL 
PERIODICITIES 


By Dinsmore ALTER 
[University of Kansas, Lawrence, Kans., December 18, 1926] 


In this series of papers embodying a systematic statis- 
tical investigation of the world’s rainfall, an attempt has 
been made to refrain from all speculation and to present 
the evidence so far as possible from the viewpoint of 
mathematical probabilities of periods versus accidental 
relationships. For this reason both the causes and the 
economic value have not been mentioned beyond the 
briefest discussion several years ago. 

It seems wise, however, at the conclusion of the work 
to make an attempt to learn whether the periodicities 
found have only a purely scientific interest, or in addition, 
a possible economic value. Such a value could at the 
most only pretend to divide seasons in advance into wet 
normal, and dry, where wet is defined as including all 
which average among the wettest third of the data, dry 
those among the driest third, and normal the remainder. 
On the basis of accident such predictions should be ful- 
filled one time out of every three. The work done 
indicates that in the long run such Ss almost 
certainly can be made with at least a slight increase over 
this fraction. However, unless the increase is rather 
— they will have no interest save a purely scientific 
and statistical one over many years. 
wo be conclusive, such an investigation must do two 

ings: 

(a) It must examine the data already available, in 
order that we —_ know the percentage of times the 
periods found will represent the data used in finding 
them, to this accuracy. 


(b) It must make test predictions that we may follow 
them through the future and thus weight their value. 
It is certain that in the long run these can not be fulfilled 
as accurately as the past representations, for the acci- 
dental errors are certain to have modified, more or less, 
the periods found. In addition, periods of greater or 
shorter length will have an effect. 

It is very important to note that even if we had data 
which were entirely free from accidental errors-and from 
periods other than those obtained and used in predic- 
tion, and even though we knew perfectly the magnitudes 
and phase relationships of these periods, they would not 
correctly predict the means for a given stretch of time. 
In two of the pepe of this series, the effect of the datum 
interval on the magnitude of the amplitude has been 
investigated and a factor F determined by which multi- 
plication is necessary in order to reduce the amplitude 
or the intensity found, to what it would have been had 
much shorter intervals been used. When we have the 
reverse problem it is necessary that we divide by this 
factor before predicting. If the predictions are to be 
made for the same interval used in the original periodo- 
gram the factor is eliminated. If not, we must east 
the amplitude obtained from the periodogram by the 
corresponding to that ratio of period length to datum 
interval and divide by that of the ratio to the predicted 
datum interval. If we do not do this, short periods will 
exert far too great an influence on our predictions and cause 
them, to fail. In the present preliminary paper, where 
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we are interested not in obtaining the theoretically best 
predictions possible, but merely in an approximation to 
them, we shall find that the factor F is only a criterion 
of length of the periods short enough to be neglected in 
redictions of means. For such amplitudes as have been 
ound, we shall use about three times the datum interval. 

This is six months; therefore we can neglect periods of 
shorter length than one and one half years. Of course, 
if a period of length greater than one year and of tremen- 
dous amplitude with respect to those of the longer periods 
had existed, it would have been necessary for us to use it, 
although with extreme caution. 

When we examined the periodograms from the helves 
of the data (Montaty Weratuer Review, February, 
1927), we found that the correlation in the case of the 
British Isles was very much higher than in the other 
cases. Obviously, therefore, whether it may finally 
prove valuable to predict for any one or all of these 
sections, our chances of success are far better here than 
in the other cases. Since the present predictions are not 
made for actual agricultural use nor even for the purpose 
of finding whether the rainfall of a given section is pre- 
dictable but to find whether that of any section is so, to 
an extent which makes it economically valuable, it seems 
best to confine our study to this one section. If it should 
prove worth while, these other sections and of course 
many more must come up for investigation. 

In the last paper we showed that the correlation be- 
tween stretches of the actual rainfall observations separ- 
ated by 43 years is 3.50 times its probable error and has 
an expectancy ratio of one in 1,100. Since there were 
64 pairs of data to compare we can be quite certain that 
this is not the result of accident. It may be noted in 
passing that this relationship is entirely independent of 
the periodogram or of any theoretical discussion. Jt 
is a matter of actual observation. . 

to the periodograms (this Review, loc. 
cit.) we find that almost without exception the peaks 
found, even the rather low ones, are through the whole 
stretch of periods from one and one-sixth to nine years 
very closely harmonics of a period slightly in excess of 
this value. This is to be expected after we have found 
such a high correlation in the data themselves. They 
of course indicate that if we had compared data with those 
a trifle more than 43 years later, instead of exactly 43 
years, a higher correlation could have been found. We 
should note that these values were obtained from 75 
year’s data, a number in no way simply related to 43 
years or to 43 and a fraction, and hence in no way open 
to the objection of being a mere mathematical Fourier 
series representation. 

There are two obvious methods of ee our test 
predictions, each with its advantages and disadvantages. 

C) apap is to record the data as they occurred 43 
years before the predicted date. This is of course very 
easy to do and to weigh. The other method is to choose 
those terms which have large amplitude in the periodo- 

ams and to combine them, representing both past and 
i by them. The advant and disadvantages are: 

(a) Any small real harmonics of 43 years which are 
used in the extrapolation, but neglected in the analytical 
method, improve the predictions by the comparison 
method. 
_ (6) In comparing data. themselves, the accidental 
errors enter into both the old and the new values in such 
a way that on the average. they will produce a discrep- 
ancy the -/2 times as large as in either. If we select.onl 
those periods of large amplitude for our work, we shall 
to a great extent obviate this difficulty. 
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Which of these two is the better to use for prediction of 
wet, normal, and dry seasons can not be stated until 
after a representation has been made by each. First 
we shall see the results obtained by extrapolation. 

In obtaining our correlation coefficient between actual! 
data separated by an interval of 43 years, 64 pairs of 
values were used. Of these, 38 pairs were either both 
above or both below normal, three had one value exactly 
normal and only 23 were of the opposite sign. Excluding 
the three cases where one value was normal, as being 
neither an agreement nor a disagreement, we find that 
the past representation holds 62 per cent of the time and 
fails 38 per cent. Unlike the case of the analytic re- 

resentation, it is reasonable to hope that past and 
uture may hold equally well. If so we would be here on 
the border line of value for economic uses. 

It is more useful to consider three groups instead of 
two. One-third of the data fall in a group 92 to 108 
per cent of normal, inclusive. A third fall below 92 
per cent and a third above 108 per cent. We find that 
twenty-eight times out of the sixty-four both values of 
the pair fall in the same group, a percentage of 44 instead 
of the 33 expected through accident. It is reasonable to 
suppose that the pairs containing the oldest data have 
larger accidental errors than the others. If we consider 
the latter half of the 64 pairs we find 18 pairs out of 32 
in the same group, a percentage of 56 instead of the 
accidental 33. Quite possibly our correlation would 
have been higher had we not had larger errors in the 
1850-1865 data than in the others. This is quite plainly 
indicated by the fact that the sum of the squares of the 
residuals from the normal is largest for these years, 
although quite evenly balanced between positive and 
negative values. The larger errors of the earlier data are 
to be expected not only because of probably less accu- 
rate observations but also because we used only three 
stations instead of five, as in the later part. Possibly 
we would have improved the correlation had we formed 
new 6-month means of the second stretch of data, making 
them fall 43 years and 1 month after the earlier. It 
does not seem worth while to do it now, for the probable 
improvement would scarcely affect the decision regarding 
the test predictions. If for agricultural use 
were to be made we should, of course, improve them by 
every such means, even though the gain be slight. 
The data used end with 1924, therefore the predictions 
thee as Table 1, begin with 1925. They are carried 

ough 1936. If these are fulfilled there will be consid- 
erably fewer wet years than we usually have. 

In the case where the peaks of the periodograms fall 
so close to the Fourier harmonics, it seems well to t 
forcing the curve to the 43-year period shown independ- 
ently. If we find that a small number of the harmonics 
represent the dat quite accurately, we shall prefer to 
use them in making test predictions because of the more 
balanced manner in which the accidental errors enter. If, 
on the other hand, many terms are required, we shall use 
the extrapolation as the method which is probably the 
more accurate. 

Prof. Dayton C. Miller, of Case School of Applied 
Science, was kind enough to determine the first 30 har- 
monics of the 43-year period by his harmonic analyser. 
This new determination was necessary because of the 
slight discrepancies between periodogram peaks and 
harmonics, which made some shift in amplitudes and 
phase relationships. 

In order that all the data might be used, values sepa- 
rated by 43 years were averaged. Since the phase 
relationships must be identical under our hypothesis, 
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such a procedure is certain to give more satisfactory 
results. They were then plotted as a curve 400 milli- 
meters long. 

Twenty of these harmonics showed amplitudes large 


enough to indicate possible reality. This fact alone | 


indicated clearly that the correlation found was due to 
many terms. However, a synthesis was made from the 
eight largest terms. It was no better than that made by 
extrapolation and, therefore, no predictions are tried 
from it. Of course all the harmonics could be used for a 
synthesis which would represent past data more accurately 
than was done. 

Seventy-five years’ data were used. It may be pos- 
sible to secure data taken before 1850 sufficiently accu- 
rate to use. Eleven years of such data would make it 
possible to extrapolate from averages of two datum 
values. If not, the 43-year period will be completed 


twice by the end of 1935 and any accuracy which may © 


be found for predictions now should be materially in- 
creased after that date. 

It is quite probable that for any one of three causes the 
length of the 43-year term may shift as time goes on. 
These causes have been thoroughly discussed in the 
previous papers and need only be mentioned here. 

In conclusion, a period approximately 43 years, with 
harmonics, exists in the rainfall data of the British Isles. 
It may be complex, it may be constant, and it may be 
variable; time alone can tell which of these is true. 
Whether predictions made by it at present, or even at 
some future time, can have economic vaiue is uncertain. 
However, the chances are sufficient to warrant the 
attempt, if it be sufficiently emphasized that the pre- 
dictions are for test purposes only. 

About half of the computations for this paper were 
made under a grant from the Research Committee of 
the Graduate School of the University of Kansas. 
wish also to express my thanks to Professor Miller for 
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the analysis made by him. Without that aid, part of 
the contemplated work would have remained incomplete 
on account of lack of time. ly 


predictions for British Isles rainfall through 48-year 


extrapolation 
{A indicates first half of the year, B the second half. Wet, normal, and dry as defined 
in body of the paper] , 
DataA Data B | Datad |) Data B 
Normal. Dry. 1932—A.__.. Do. 
1928—A..__... Normal. ...._- D 19384—A.....| Dry........-.. 
Normal. N .----' Normal..._...| Normal. 
ADDENDUM 


The additional data received in January, 1927, from 
the Chief of the Weather Bureau gives two complete 
46-year cycles. As a result, predictions should be more 
accurate, although the probable inaccuracy of observa- 
tions made nearly a century ago is so great that the gain 
can not be much. The predictions from the original 
data are given in the table under Data A, those from the 
more complete record under Data B. Sixteen predictions 
are unchanged among 24. Most of the. changes. are 
merely shifts across the dividing line between adjacent 
groups. In only one case, the latter half of 1927, is 
there any serious shift. For this epoch a_ prediction, 
which barely missed being normal, is shifted from dry to 
just outside of the normal group on the wet side.— 
D. A., February 18, 1927. 


THE THUNDERSTORM AT CINCINNATI AND ITS RELATION TO ELECTRICAL POWER SERVICE 


By W. C. Devereaux 
[U. 8. Weather Bureau, Cincinnati, Ohio] 
Norte.—Ninetieth meridian time is used in this article, including the tables and charts. Seventy-fifth meridian time was adopted for Cincinnati by the Weather Bureau on 


January 1, 1927. 


During the 11 years that the Abbe Meteorological 


Observatory has been maintained in Cincinnati, a most 


careful and detailed record of all the weather elements 
has been made. ‘The thunderstorm, like the clouds, must 
be observed and described by trained observers—no in- 
struments have been devised that will fully meet the 
requirements or take the place of scientific training. The 
average recorded number of days with thunderstorms at 
Cincinnati in the last 10 years shows an increase of 23 
per cent as compared with the previous 10 years, due to 
improvement in the location of the place of observations, 
and in the methods of observation. 

In this study of the individual thunderstorm it is neces- 
sary first to define the thunderstorm. Alexander, in his 
article on the distribution of thunderstorms, has quoted 
all the instructions to observers on the subject—the last 
one was issued in January, 1894—and stated that the 
instructions have been in force ever since. About the 
only instruction in force at present is that ‘‘a storm from 
which distinct thunder is heard will be considered a 
thunderstorm,” while the instructions to cooperative ob- 
servers add that ‘‘thunderstorms six hours apart may be 
considered as separate storms.”’ 


It is unusual for an individual thunderstorm to last 
more than two hours, while on the other hand several 
may occur within one hour. eee, two or more 
separate thunderstorms may be visible at the same time. 
One summer evening distant and diffused lightning was 
observed in the north for about one hour after dark, 
then thunder was heard in the north and the separate 
lightning strokes became visible; other storms started in 
the west and southwest, until at one time four separate 
oe of a general storm were visible and thunder could 

e distinctly heard from each cloud mass—one in the 
northeast, one in the north, one in the northwest, and 
one in the west—all storms moving northeastward. Up 
to this time no rain had fallen at the station, but the next 
storm, which developed to the southwest, moved directly 
over the station, and the series of storms that evening 
were ususually severe. While these storm clouds were 
separated by a considerable distanée, and the' path of 
each was a few miles south of the preceding one, they 
acted together, and therefore the series should be con- 
sidered a single thunderstorm. At other times we have 
observed two or three distinct storms in progress at the 
same time when there appeared to be very little, if any, 
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physical connection between the clouds; these should be 
considered as separate storms. , 

Recently directly eastward by auto- 

mobile from Cincinnati 150 miles, we passed along a line 
where a large number of thunderstorms developed. 
The sky continued mostly clear to the south, while in the 
rear, thunder would be first heard in a small 
cloud and the storm would pass rapidly north of us, 
moving to the northeast. Some were attended by rain. 
These storms developed eastward at the rate of 20 miles 
per hour, but the individual storms moved at an esti- 
mated rate of 40 miles per hour. - 
In this paper a. thunderstorm will be defined as ‘“‘a 
commotion in the atmosphere in which thunder is heard, 
each separate cloud mass attended by thunder to be con- 
sidered an individual thunderstorm.’ The smallest 
thunderstorm observed at Cincinnati was on a clear, 
summer day. A small thin cloud formed in the south- 
west, and, as it moved directly toward the station, one 
dull peal of thunder was heard, after which the cloud 
dissipated as quickly as it had formed. 

Our principal object in this paper is to show the varia- 
tion in frequency of occurrence of the thunderstorm dur- 
ing each of the 24-hour periods at Cincinnati. Much has 

en written about the physical aspects of the thunder- 
storm, the annual and monthly variation, and the geo- 
age distribution, but comparatively little about the 
daily variation. The principal exception is in Cox and 
Armington’s ‘‘Climate of Chicago.” Most of the authori- 
ties, as Ferrell, Davis, Ward, Humphreys, Alexander, and 
others state that thunderstorms are most frequent during 
the afternoon, but have little to say about the other hours 
of the day. by uct 
_ For study purposes, we entered on large sheets of 
cross-section paper all the data about each thunderstorm 
for the last 20 years, using one sheet for each month, 
except for the winter months, which were placed together 
on one sheet. On these charts were shown by symbols 
or figures the time and duration of each storm, the time 
of rainfall, the rate of heavy and excessive rains, the 
direction of movement, the type of the storm, and other 
information. As these charts were much too large to 
reproduce, two other and much smaller charts for 10 

ears have been prepared to show only the time and 
uration of thunderstorms. The third chart shows b 
ertical bars the total hours with thunderstorms for eac 
our during the year for a period of 20 years; the fourth 
ne, the hourly variation by seasons, and for July, the 
onth of greatest frequency. 
_ In hourly frequency as well as i tensity the thunder- 
om is naturally divided into four types or seasons, but 
he seasons differ somewhat from the seasons of the year. 
The summer type, which comprises about 8 per cent of 
all thunderstorms at Cincinnati, begins in May or some- 
times late in April and usually ends about the last, of 
August or early in September. During this season the 
stormiest hour is from 2 to 3p, m., when the temperature 
is highest, and the least stormy is the hour ending at 
either 9 or 10 a. m., not at night or when the temperature 
is lowest, but during the hour of most rapid rise in 
temperature. In the month of greatest frequency— 
July—there have been 63 thunderstorms in 20 years for 
the hour ending at 3 p. m. and only 4 for the hour ending 
at 9 a. m. The fall thunderstorm, which occurs in 
September and sometimes in October, reaches a maximum 
about 3:30 p. m. and a minimum at 11 a.m. Both the 
summer and the fall thunderstorm appear to have a 
second maximum about 6-a. m. but this is probably due 
to a failure to record all thunderstorms between midnight 
and 6 a.m. The spring thunderstorm, during March 
and April, occurs most frequently during the afternoon, 
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reaching a maximum at 7 p. m., and occurs less frequently 
between 4 a. m. and 11 a. m., but the hourly variation is 
poorly defined. The winter thunderstorm from the last 
of October to the fore part of March shows but little 
variation during the 24 hours. 


The largest recorded number of days with thunder- © 


storms in any one month was 17, in July, 1917, with 27 
separate storms. In June, 1919, there were thunder- 
storms on 15 days out of 30, and during the 15 days 30 
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from a low center over Missouri or the extreme lower 
Ohio Valley, with comparatively high pressure both 
north and south of the station. During 10 years of 
detailed record at the Abbe Meteorological Observatory 
no thunderstorms have been observed moving from the 
southeast to the northwest. 

The tendency of all thunderstorms to move eastward 
is very pronounced, even under what appear to be adverse 
conditions. 


TOTAL HOURS 20 YEARS WHITH THUNDERSTORITS. 
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separate storms occurred, which exceeded the number 
of storms in July, 1917. 

Considering only the movement of the individual 
storm and not that of a series, it was found that about 
90 per cent of all storms moved from a westerly to an 
easterly direction, and more than one-half of those 
moved from the southwest to the northeast. Only a few 
of the slow-moving heat thunderstorms moved either 
directly northward or southward, and it was frequently 
a question whether the storm was moving or developing 
toward the north or the south. The few thunderstorms, 
which have approached the city from the east or north- 
east, have nearly all been located in the “‘point. of the 


wedge” formed by V-shaped isobars extending eastward 


_ Storms have been observed to move eastward against. 

high strato-cumulus clouds moving from the east, and 
across fresh southerly winds. A few of the storms move 
with great rapidity, especially when associated with a 
rapidly moving tow, but the surface wind is seldom 
over 30 miles per hour. In one storm thunder was first 
heard in the far southwest, and last heard in the far 
northeast 15 minutes later. If each of these peals was 
10 miles from the station, the storm must have moved. 
at the rate of 80 miles per hour. The highest surface 
wind in this storm was 25 miles per hour. The “heat” 
and “border” thunderstorm, and the thunderstorms in 
the “trough” are usually slow-moving storms, and fre- 
quently the most destructive. 
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- Of the 340 thunderstorms that passed either north or 
south of the Abbe Observatory during the last 10 years, 
200, or 60 per cent, of them passed north and only 40 
‘per cent passed south of the station. South ‘of the observ- 
atory is the central portion of the city with a t 
network of wires and many high buildings, bu 
located in the valley of the Ohio River; while north of 
the station is higher land with mostly open country 
except for a small thickly settled valley near-by, which, 
however, is sheltered by a ridge of hills on the west. Out 
‘of 213 storms charted for July, the month of greatest 
frequency, 52 passed over the station, 86 north of it, 40 
south of it; of the remaining 35, a few passed either east 
of west of the station, but most of them were distant 
thunderstorms without apparent movement. In a recent 
paper on “Thunderstorms in the British Islands” the 
statement was made that, “In America the summer 
storms (thunderstorms) occur very largely along the main 
valleys,” and similar statements have been made by 
other meteorologists, but the conditions do not appear 
to be true for the middle Ohio Valley. 

The oceurrence of thunderstorms and the variation in 
the time of occurrence depend on the meteorological fac- 
tors and the time elements. The two most important 
weather elements are the distribution of pressure and the 
temperature of the air—and the two equally important 
time elements—the time of the year and the hour of the 
day. Each of these may be divided into three phases of 
favorableness to thunderstorm occurrence—the maxi- 
‘mum, the intermediate, and the minimum phase. The 
‘maximum phase of pressure distribution is a Low north- 
west of the station and higher pressure to the south, the 
intermediate is when the weather map is ‘‘flat,”’ and ‘the 
minimum is when the pressure is high north of or over the 
station. The maximum phase of temperature is tempera- 
ture considerably above the normal for the hour, the 
intermediate is normal temperature with high humidity, 
and the minimum is temperature low for the hour. In 
the time elements the maximum phases are May to 
September and between the hours of 11 a. m. and 8 
P. m., the intermediates are. the early spring and late 

all months and the hours from 8 p. m. to 8 a. m., and 
the minima are the months from .November to Febru- 
ary and the hours between 8 a. m. and 11 a. m. through- 
out the year.. When the four maximum phases are in 
conjunction the thunderstorm. develops, when some of 
the intermediate phases occur with the maximum phases 
the thunderstorm frequently develops, but when two or 
more minimum phases are’in the series the storm does 
not develop, Other weather elements are factors of some 
importance in producing thunderstorms, but these, as 
well as temperature, are connected with and result from 
the pressure distribution. When the thunderstorm 
develops, the Low is nearly always present to the west, 
northwest, or north of the station, but is often poorly 
defined and apparently shallow. These rules, if they 
may be so named, apply best to the last half of the day 
during the summer months: The occasional winter 
thunderstorms and those oceurring after midnight. obey 
few if any evident rules. = 

Doctor Humphreys in. the. Montaty Waatuer Re- 

view for June, 1914, presents five types of weather maps 
. attended by thunderstorms. These types and thunder- 
storms which attend them are defined briefly as: a, Re- 
gions of high temperature and widely extended and 
nearly uniform pressure, ‘“‘heat’’ thunderstorms; 5, the 
‘southeast quadrant of a Low, “cyclonic’’ thunderstorms; 
¢, the barometric valley between, the branches of a 
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‘V-shaped cyclonic isobar, “‘tornadic”’ thunderstorm; 


d, the region covered by a low-pressure trough between 
adjacent areas, “‘trough’’ thunderstorms; 
and e, the boundary between warm and cold waves, 
“border” thunderstorms. The 1,500 thunderstorms at 
Cincinnati in the last 20 years have nearly all been in 
connection with four of these types of weather maps in 
roughly the following proportions: Forty per cent each 
of “heat” and “cyclonic” thunderstorms and 10 per 
cent each of “trough” and “border” thunderstorms. 
The “tornadic” thunderstorm is practically unknown at 
Cincinnati. Many similar types of weather maps were 
found which were not attended by thunderstorms, at 
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least not in the vicinity of Cincinnati, but in nearly every 
such case the date was between October 1 and March 31, 
or the hour was between 8 a. m. and 11 a. m. or, for some 
reason, the temperature did not rise much above the 
normal for the hour. 


THE THUNDERSTORM IN RELATION TO ELECTRICAL 
SERVICE 


The Union Gas & Electric Co., of the Columbia 
system, Cincinnati district, has prepared a large amount 
of data for use in this article, on the effect of storms on a 
great modern electric system. Unfortunately space will 
not permit the reproduction of the large number of charts 
and tables submitted, but all of the material has been 
caref studied and the results, with other thunder-— 
storm data, summarized in Tables Nos. 1 to 4. 
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The remarkable features of the tabulations are the 
wee growth of the electric service in the Cincinnati 
istrict during the last 10 years, and more especially 
during the last five years; the great increase in the amount 
of — by thunderstorms to the electric system. 
The wind when not attended by a thunderstorm occa- 
sionally causes considerable damage, but in a region 
where the maximum wind velocity seldom exceeds 40 
miles per hour, and exceeded 50 miles only two times in 
10 years, the damage caused by the wind alone is not 
great. The sleet snow, and other similar elements are 
minor agents of destruction to the electric system. 

A “storm log” was prepared by the department of 
operation of the Union Gas & Electric Co. for the years 
1921 to 1926, inclusive. It was difficult to obtain the 
information for the years 1921 to 1923, and as there 
were comparatively few overhead circuits in operation 
previous to 1921, the report was not extended back to 
1917. The report for 1921 shows that the amount of 
trouble was comparatively small and the number of 
outages listed does not give a true idea of the number of 
storms. For that reason the report for 1921, though 


included in Tables Nos. 1 and 2, 
os. 3 and 4, 


the system, is not included in Tables 
showing the effect of the storms. 


TaBLe 1.—Growth of the Columbia electric system in the Cincinnati 
istrict 


NUMBER AND MILEAGE OF OVERHEAD CIRCUITS IN SERVICE AND 
NUMBER OF CONSUMERS 1921 TO 1926 


18,200 volts | 83,000 volts | 66,000 volts | 7,0$ar except pea 
volts sumer (square 
aes NUE ages | mle 
1921......| @ 7) 2%} 6] 87 0| ©} 13] 113) 64,429 236 
1 32) 7] O| 14}. 298] 77,202 
1923__.._. 1 8| 387 9| 182 48] 20] 218) 93,466 
16} 9| 151] 14] 171| 39] 381 | 119,363 
1926... 14} 46] 380 | 127,439 270 
1 No data available. 
TABLE 2,—Damage from storms, years, to Columbia system, 
Destructive ' 
Number of circuits out 
Year | thun- time of | 
An | Thun- joutages) | Thun | int | daily | forl 
storms | storms aa storms | .,2°" | thun- | for the | thun- 
der year der 
storm storm 
m. 
1921_..... 77 13 13} 29 49 43 42 12 46 160 
1922...... 53 a} 15| 48 32 98 80 ll 54 185 
1923_.--_- 42 19| 65 33 124 98 ll 81 290 
1924... 50 43 15/167 587| 327 55 91 445 
58 46 34/141 24| 522] 453 53 110 715 
1926....-- 57 46 30 | 304 42| 754) 645 105} 1,060 
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TABLE 3.—Storms and circuits out by months, Columbia system, 
Cincinnati district 


1922—-De- | 1923—De- 1924—De- |. 1925—De- 1926—De- 

structive structive structive structive structive 

storms storms storms storms storaas 

January....-...-. 0; 0 5) 14:0 0) 12; 4) 
February - - 01 OF 1] OF} 15] 3] Of} 351 3] Of 32 
4), 2422). 5).1)100) 5) 4] 0) 0 
dl 4} 4/713} 1} 44) 6) 6} 26)° 3) 1! 15 
10) 2) 24-7) Sli 4) 3) 27) 5) | 195 
1 1] 4). 2).2) 12) 8} 8} 162} 6) 59; 7| 147 
8) 40) 4) 41°39) 9] 9) 254) 8) | 287 
10} 8} 38} 6} 6) 58 5). 41 6} 4) 136 
September. 3} 2} 6} 0) OF OF 2) 1) 167.2) 2] 32) 7] 4 
tober. 0; 0; OF O} O} 64} 1] 0 1} 3} 45 


TaBLe 4.—Hourly distribution of thunderstorms and hourly dis- 
tribution of damage from thunderstorms to Columbia electric 
system in circuits out (outages) for 1922 to 1926, inclusive 


Ninetieth meridian time 


© 


7|8 9 12] 1 | 2 


Number of hours | | 
with first thunder..| 9| 6) 7| 7| 7| 9.11) 8, 4 

Hours with thunder- 
17|20}19}13}12! 14!17)18) 24) 34, 42) 


41 


Total hours with out- 
10) 6) 15) 27 37) 41/45)47, 53) 46/42 
Total outages. ...--.- 9 


ctive.. by 14/28) 11 


The storm log shows for each storm causing trouble 
the date of the storm, time circuits were out, locality 
affected, direction of movement, number of outages, 
weather conditions, and effect on the system. Another 
department prepared charts showing the number of 
commercial trouble calls each day for 10 years, showing 
not only the pyerage number of daily trouble calls but 
also the additional number of calls for each storm. 
Combining these two records with the record of each 
thunderstorm by the Weather Bureau we obtain a 
complete history of each thunderstorm and the effects 
on the electric system. A summary of the results 
obtained is shown in the tables. In using the tables 
especially in comparing the number of outages and 
trouble calls in 1921 or 1922 with later years, as shown 
in Tables Nos. 2 and 3, allowance must be made for the 
growth of the system, as shown in Table No. 1, under 
number and miles of overhead circuits and number of 
commercial consumers. During the same period the 
area covered by the woul circuits has increased 
from 236 square miles in 1921 to 270 square miles in 
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In addition to the information contained in the 
tables, the storm log shows interesting details of the 
damage from the thunderstorm under the “effect on 
the Columbia system.” In 1921 and 1922 the dam 
consisted entirely in putting out of commission the 
4,325 volts, 13.2 kilovolts, and 33-kilovolt lines. The 
66-kilovolt lines were constructed in 1923, but were not 
in operation until the end of 1925. In 1922 and 1923 in 
addition to the various circuits being out, trouble was also 
experienced in flashing of insulators, causing bad pot- 
heads, hot crosses, and burning out rotary converters. 

“Surges”’ became a prominent source of trouble from 
the thunderstorm late in 1924, and continued to cause 
much trouble the two following years. Surges are the 
dropping of the load on a high-tension line, such as 33 kilo- 
volts, to say, 15 kilovolts, a rise above 33 kilovolts, and 
then a drop again. This kicks out the circuit. During 
the year 1925 surges during 10 of the 34 destructive thun- 
derstorms caused 184 outages and probably several more. 

Storms during these years apparently caused con- 
siderable trouble with arc circuit and direct-current 


Marca, 1927 


machines. In the storm log no mention is made of 
machines being out until April 24, 1926, when the 
following appears: ‘‘Six outages on 66-kilovolt circuits 
and 5 machines out due to surges.’’ During the re- 
mainder of 1926, there were 96 machines out in 17 
thunderstorms. This was the first full year of service 
from the Columbia station, located on the Ohio River 
20 miles below Cincinnati, with 171 miles of high-volt. 
lines transmitting current. Other causes of trouble 
mentioned most frequently during the last year were: 
Poles on fire, hot crosses, arc circuits out, and lightning 
arresters hit. 

The area of observation of thunderstorms at the Abbe 
Meteorological Observatory is practically the same. as 
the area covered by the network of the Columbia system 
at Cincinnati. The frequency and intensity of» the 
storms as observed have been compared with the damage 
to the electric system. The electric-power company is 
only one of the industries affected by the thunderstorm, 
and similar industries suffer corresponding losses through- 
out the region of thunderstorms. 


CAN THUNDERSTORMS BE CLASSIFIED ? 


ALFRED J. HenrRY 


The Editor is moved to these remarks by the classifica- 
tion of thunderstorms given by Mr. Devereaux on p. 115. 

Scientists are perhaps never so well satisfied with 
their efforts as when they have succeeded in classifyin 
some particular phenomenon that hitherto had diaaped 
the hands of the classifier. Classification is common to 
practically all writers on scientific subjects. First, they 
observe and then they sort into groups or classes those 
objects which have one or more features in common, and 
by this method they arrive at “genera” and then 
“species,” and soon. In the biological sciences such pro- 
cedure is logical and helpful since the difference between 
any two classes of objects is significant. 

hen, however, one attempts to class thunderstorms 

he must sooner or later discover that about the only 
thing they have in common is their dependence as to 
one on atmospheric instability, however that is brought 
about. 

It has been recognized for many years that one of 
the two so-called types of thunderstorms, “‘heat’’ and 
“cyclonic” shades imperceptibly into the other and that 
it is not practicable to distinguish between them. 

This was recognized by Mohn and Hildebrandsson, who 
were probably the first writers to class thunderstorms 
into two main groups as above indicated. These 


authors expressly say: “However, it is in Sweden impos- . . 


sible to find a well-defined boundary between these two 
classes of thunderstorms.” ! 

Hann and Siiring in the former’s well-known Lehrbuch, 
follow Mohn and Hildebrandsson and add a third group, 
viz, those which originate along the borders between 
warm and cold areas. This class was not named. 

It is but natural that further study of thunderstorm 
phenomena should disclose a greater variety of condi- 
tions of origin than has hitherto been recognized, 
especially if, as Humphreys has done, the form of the 
isobars at or very shortly after the occurrence of the 
thunderstorm be made the criterion of classification. 
Humphreys, as stated by Devereaux, describes five 
classes, viz, heat, cyclonic, tornadic, trough, and border. 
The two first named and the last named have already 
appeared in the literature. 

Any classification to be useful should be adopted’ by 
the majority of organized weather services; pending 
such adoption it would seem to be preferable not to 
stress the grouping by classes, remembering that to the 
man on the street a thunderstorm is a thunderstorm and 
nothing more; moreover, there do not seem to be any 
well-recognized differences between thunderstorms that 
could be used as criteria for classification. 


1 Les Orages dans la Peninsule Scandinave. Upsala, 1888. 
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| WEATHER AND FOREST INFLAMMABILITY IN THE SOUTHERN APPALACHIANS ! 


By E. F. McCartay, SILVICULTURIST | 
{Appalachian Forest Experiment Station] 


FOREST FUELS AND THE FIRE SEASONS 
_ The Appalachian forest, composed largely of decidu- 
ous species, creates a fire ard over its entire area 
through the annual fall of leaves... Even the pines, and to 
a lesser extent the other coniferous species, add each year 
to the amount of litter upon the ground... : 

The seasons of inflammability are generally limited to 
the spring and fall; when there is aaa a cover of snow 
to check the drying. of the forest floor nor a protective 
cover of green vegetation. Fires occur but are not prev- 
alent during the winter season, and are rare in the summer, 
but sometimes occurin exceptionally dry seasons.. During 
the spungiand fall the leaf litter is exposed to rapid drying 
through the effects of sunshine, dry atmosphere, and winds. 

The presence of a apni. of litter on the ground is 
the primary requisite for,a fire hazard, and this is most 

ronounced in the fall when the new crop is all down and 
has not yet become settled or compacted through the 
beating action of rains and snow, In the spring this 
aaa leaves is more compacted, but has not. decayed 
enough to reduce appreciably the total amount of in- 
flammable material. During the summer sigaagenHion 
goes on rapidly, and by the. succeeding fall the hazard 
is much reduced until the new crop is down. 

Grass and other annual or biennial vegetation is most 
important on forest land recently cut over or partially 
stocked. Similarly, hardwood slash is not a primary 
hazard but serves to intensify the heat of fires carried 
largely by other fuels.. Both of these conditions are very 
subordinate in point of area to the leaf-litter hazard. 

_ Leaf litter is extremely sensitive to changes in atmos- 
phere moisture; in fact, it may be dampened to a con- 
dition of low hazard without rain through the action of 
dew and frost in times of high humidity. In rare periods 
fire will run briskly through the night, but ecanaie day 
is the time ofhazard..._.. : 
STORM MOVEMENT | 
_ Fire hazard is directly associated with the weather, 
and has a definite place in the usual cycle of storms. 
this region it is associated with the weather of the anti- 
cyclone. The region is so situated that a wave of low 
abi can searcely pass across the continent without 
ringing at some time a period of southerly or easterly 
winds to the region. These, coming from the direction 
of the Gulf of Mexico or the Atlantic, tend to increase the 
atmospheric moisture. The period of highest hazard is 
that of low relative humidity, and is limited to times of 
continental winds from the west and northwest, or periods 
of calm when air pressure is high over the Appalachian 
region. ; 
“here comes regularly in the cycle of storms a change 
of wind from the south and east to winds from the west 


on has carried 
on by the Appalachian Forest. Experiment Station at intervals since the fall of 1922. 
During this time two general phases of the subject have received attention—the rela- 
tion of current weather conditions to forest-fire occurrence, and the rate of drying forest 
fuels under different conditions of weather. _Two papers have been published on the 
first phase of this subject: 

in the Southern Appalachians. MONTHLY WEATHER REVIEW, 

ril, , Si: 4 
fe — Fires and Storm Movement. MONTHLY WEATHER REVIEW, May, 1924, 52: 


~ ‘The present report presents in condensed form results of studies of the rate of drying 
of forest fuels made during the fall season of 1925.and the spring of 1926... | 


and northwest, as the Low center passes to the east, and 
the masses of polar air advance behind it. The character 
of this wind shift will, of course, be determined by the 
path of the storm, whether to the.north or south of the 
region in question. 

he fact of importance from the fire standpoint is that 
after each storm the wind shifts from its ocean and Gulf 
sources to a continental source. . This shift brings cclder 
air that is not only dry from its source, but becomes 
drier as it warms on its southerly course and as it settles 
to lower elevations. With the shift of wind come higher 
air pressure, lower temperature, and lower absolute mois- 
ture content of the air. ‘!t is a time of fair weather. 

The series of conditions which follow the passa 
of a storm are clearly discernible from the records of the 
Weather Bureau taken each day and mapped for the 
central part of the continent. For the Taaalaclaed 
region, changes coming from the west in the condition 
of the weather can in a general way usually be foreseen for a 
period of three days, and from the southwest for a period 
of at least 36 hours. Within these limiis forecast of dry 
periods can be made more certainly than for storms, and 
adjustments may be made in the disposition of the 
forest protective forces. Well organized forest protec- 
tion forces can utilize the regular forecasts of the Weather 
Bureau, which are ory for a 36-hour period. 
Beyond this, a knowledge of the usual sequence of the 
weather gained vege, y visits to a station where daily 
maps are available will make ible forecasts for even 
longer periods. Proficiency in making such forecasts 
beyond the usual 36-hour period will depend upon famil- 
iarity with the usual courses of the storms as they cross 
the continent, with their rate of travel, and the influence 
of the cyclonic disturbance on precipitation, atmospheric 
moisture, wind, and temperature. Much more than 
the mere prospects of precipitation «an be learned from 
the study of the daily weather map. 

Changes in temperature, wind, and humidity are like- 
wise important and can be forecast to some extent. 

Figure 1 illustrates the correlation between the several 
factors of weather and the occurrence of fire, and clearly 
indicates the weather which attends a period of inflam- 
mability. This is the graphic representation of the con- 
ditions during the fall fire season of 1922, including cur- 
rent fires, which are shown by dots on graph 4. 

Rains ereph 2) occurred at times of low air pressure 
(graph 5). With the increase in air pressure there occurs 
a drop in vapor pressure (graph 4). This is the signifi- 
cant cause of the increase in inflammability which fol- 
lowed. Low vapor pressure (low absolute humidity) 
succeeds each storm in this region when the wind shifts 
from south and east to a westerly or northwesterly direc- 
tion. Dry weather ensues until relieved by another 
storm. Dryness of the air is expressed both by the graph 
of a relative humidity (graph 1) and by the saturation 
deficit shown in graph 3. | In the latter instance the width 
of the black zone indicates the capacity of the air for 
further absorption of water. The leaf fall, which began 
in the latter part of October, increased the hazard as 
shown on graph 4 by the prevalence of fires. 

The rate of evaporation is conditioned upon three 
factors, temperature, humidity, and air motion. All 
three of these have a very definite relation to the move- 
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ment of storms, and none of them can be considered alone 
as the cause of forest dryness. Temperature has a direct 
effect upon the relative humidity, and the air motion 
also affects the humidity by the constant removal of the 
humid air from contact with the surface of the leaf litter. 
Of the three, temperature is the least important by itself, 
but the fact must not be disregarded that low relative 
humidity rarely occurs with low temperature during the 
fire season. These facts are cited because they bear on 
the analysis of the results obtained from the study of 
the rate of drying of litter. 

If storms pass south of the Appalachian region, heavy 
precipitation usually occurs, lasting until the center has 
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moved out into the North Atlantic. But if the storm 
passes up the Ohio Valley, though it usually brings rain 
to the Appalachian region, it may fail todo so. A storm 
passing over or adjacent to the Great Lakes region, with- 
out bringing precipitation to the Appalachians, increases 
the wind velocity and otherwise increases the fire hazard 
in the latter region both during and after its passage. 

The foregoing discussion is intended to show that the 
periods of greatest inflammability in this region occur 
after the passage of a storm, and while the region is under 
the influence of the following anticyclone. Obviously 
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the drying of the litter will lag behind the change to drier 
air. Bo dusetetinn the extent of this lag, tests of the dry- 
ing rate were made during the fall fire season of 1925, and 
the spring season of 1926. 


THE FALL FIRE SEASON, 1925 


Meteorological records were kept from the ist of Octo- 
ber to the 24th of November on opposing north and 
south slopes on the Bent Creek experimental area of the 
Pisgah National Forest. In addition to these tempera- 
ture, humidity, and rainfall records, samples of litter 
were tested for moisture content. 

Weather conditions and leaf fall—The season was gen- 
erally unfavorable to fire. ile the late summer and 
early fall were very dry, heavy rains just before the be- 
ginning of the leaf fall caused an apparent resumption of 
Vegetative activity by the trees, so that they were in the 
main able to retain their leaves after the first heavy frost 
of October 10. The walnut, locust, and poplar were 
defoliated through the action of this early frost, but the 
bulk of the forest lost its leaves slowly. Even the rains 
of the first few days of November failed to bring down the 
leaf crop, although it had been subjected to repeated 
freezing during the last part of October. The rain of 
November 7 did cause the bulk of the leaves to fall, with 
the exception of those of the more resistant oaks, which, 
however, were practically all shed after the heavy rain of 
November 11. This extremely late leaf fall was quite as 
significant a factor in producing a safe fire season as was 
the prevalence of rain and high humidity. The late leaf 
fall alone would have delayed the fire season at least 
two weeks beyond the usual time. . 

Insolation—The sun rises on the southerly exposures 
several hours before it begins to make a visible impression 
on the thawing of true north exposures. In fact, on some 
of the steeper north exposures, owing to the depression of 
the sun in the fall fire season, its rays must pass through 
a great extent of tree crowns at a very flat angle, and a 
few conifers in the forest will practically obstruct it for 
the entire day. This was observed to be the chief factor 
in creating a difference in the drying rate between the 
north and south exposures. On windy days the effect 
was less noticeable than on still mornings, when a heavy 
dew or frost was quickly dissipated by the sun on the 
south sides of the ridges but lingered until 10 a. m. or 
later on the north sides, & 

Character of litter and reaction to drying-—When the 
leaves first fell, they contained considerable sap and did 
not dry as readily as they did later. Resaturation of 
the litter under favorable conditions of moisture occurred 
very quickly, so that a relatively small amount. of pre- 
cipitation made the leaves noninflammable. Even a 
heavy dew caused the litter to become quite flexible, 
and the heavier rains during the test were little more 
effective in wetting the litter, except that the saturation 
of the soil increased the humidity of the air at the surface 
during the nights following the storm and caused reab- 
sorption of water by the litter. z 

ith the beginning of rain, hardwood litter absorbed 
water in excess of its d 
minutes, and gave up this water in the course ‘of a few 
hours of 4 weather down to a 40 per cent moisture 
content. The drying continued more slowly beyond 
this point, and the relatively fresh condition of the litter 
during the fall season checked the drying observed at 
about 8 per cent. Drying to below 10 per cent occurred 
only under very dry weather conditions, oy 
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All hardwood leaves showed a tendency to curl, 
creating air spaces in the litter. For this reason the 
wind was able to exert a more pronounced influence 
than it could had the litter been more compact... When the’ 
wind reached medium velocities, leaves drifted about the 
woods a great deal in spite of the heavy and frequent 
rains. Leaves on the south slope are deeper cut, both 
because of the site upon which they grow, and by reason 
of gp they also dry more rapidly than those of the 
north slope. For these reasons they curl up more and 
are blown about more than on’a moister site. 

An analysis of the weather during the period covered 
by this study (fig..2) shows that the combined effects 
of late fall of leaves, frequent rains, and high humidities 
made this an unusually safe season. One of the most 
severe periods occurred after the rain of November 12, 
when 2.21 inches of rain fell during approximately 24 
hours. The rain ceased about 4 p.m. on November 12. 
Relative humidity fell rapidly during the night, reaching 

FIG. 2—RECORD OF RELATIVE HUMIDITY AND RAINFALL AT STATION — 
ON SOUTH EXPOSURE —- BENT CREEK -1925 . 
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26 per cent about noon on the 13th. A brisk wind 
blew during most of the day on the 13th. oy 2 p. m. 
the litter on the south slope had become highly inflam- 
able, as indicated by a burning test. Not only the new 
top litter but the older litter beneath was dry enough 
to burn. Seven samples of the top litter on the south 
exposure, taken between.2 p. m. 3 p.m. on the 13th, 
showed an average moisture content of 9.4 per cent. 
The ‘burning test was made upon litter of somewhat 
higher moisture content than this. Five litter samples 
taken at 11.30 a. m. on the following day (November 14) 
showed an average moisture content of the top litter 
on the south exposure of 16 per. cent, is increase 
over the moisture percentage of the afternoon before 
was due entirely to the increase in humidity and the 
precipitation of dew on the night of the 13th. By 
midafternoon the average moisture content of the new 
litter was 10.8 per cent. Litter on the north exposure 
reached a moisture content. of 18 per cent on the 14th 
and would have burned readily. 

_A second, less severe, period of drying 


occurred on 
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age new litter on the south exposure dried out to about 
10:8 per cent as in the previous case, though the top 
leaves which were in the sun reached a lower percentage 
than this. High night humidities and absence of wind 
made the drying slower than in the previous instance and 
reduced the night hazard to a very low level. These 
two periods were the driest that occurred between Octo- 
ber 1 and November 24, after the fall of the leaf crop. 

Physical determination of moisture content of litter — 
order to provide a field method for the determination of 
moisture content of the litter, about 50 determinations 
were made by weighing and correlated with series of 
breaking tests. While the heavier leaves, such as those 
of the post oak, crack or break with higher moisture con- 
tent than the thinner leaves, such as white oak, the amount 
of this variation is not great. The following relations 
— the average results of these tests: 

aves having 20 to 40 per cent moisture crack if 
creased, but do not break entirely. 

With from 14 to 20 per cent moisture they crack if 
folded more than a right angle. 

At an average of 14 per cent moisture they crack when 
bent at a right angle, but do not break freely, especially 
in the veins. 

At an aver of 10 per cent moisture they break 
entirely apart if bent at a right angle. Litter at 10 
per cent moisture breaks up if crushed in the hand, but 
does not crumble into small pieces. 


Freshly fallen leaves are tougher at any given moisture ) 


content than those which have been dried and saturated 
again. 
: EARLY SPRING CONDITIONS, 1926 


Determinations of the moisture content of the leaf 
litter were made during three days (March 25-27) to get 
a more definite expression of the drying rate. Percent- 
age of moisture was computed, as before, on the basis of 
the oven-dry weight. The leaf litter had been subjected 
to packing by snow and rain during the winter, so that 
very little of it was loose enough to blow about in winds 


of medium velocity. Repeated saturation, freezing in 


saturated condition, and drying had occurred also during 
the winter. The effect of compacting was to reduce the 
influence of the wind on the rate of drying in the spring, 
while at the same time the weathering of the litter prob- 
- caused it to dry more rapidly. 

amples of litter were collected during the day ai 
intervals of 15 to 30 minutes, percentages of moisture 
were determined and these were used as the basis of an 
average curve of drying. Table 1 shows the results read 
from these curves. Pris 


TABLE 1.—Percentages of moisture in litter ! 


Hour : Mar. 24 | Mar. 25 | Mar. 26 | Mar. 27 | Mar. 28 

Per cent | Per cent | Per cent | Per cent | Per cent 

umber of samples... 2 % 18 30 5 


1 Values read from an average curve. 


November 17, 18, and.19. On the second day the aver-; Percentage of moisture in litter computed oven-dicy weight, 
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Two samples collected at 5.15 on March 24 showed an 
average of 6 per cent moisture, the result of two days’ 
cpine with light to medium winds, clear weather and 
relative humidity generally below 50 per cent. By 8 
a. m. March 25 the wind had shifted to the south and 
vapor pressure was rising, but due to a considerable rise 
in temperature during the day the relative humidity 
ranged between 52 per cent and 38 per cent. A light rain 
started just before 5 p. m., continuing at intervals dur- 
ing the night. A fall of 0.24 ich of rain was recorded 
by the gauge at the place of the tests. This was enough 
to wet the top leaves, but not enough to wet the litter 
throughout. 

The first determinations made on March 26 showed a 
moisture content of 137 per cent of the oven-dry weight. 
During the day, which was cloudy with a temperature 
below 50 degrees and a humidity above 50 per cent, the 
litter dried down to about 25 per cent. During the 
night of March 26, the relative humidity ranged from 
70 per cent to 90 per cent, and the litter absorbed moisture 
up to 54.5 per cent at 8 a.m., March 27. This day was 
moderately dry with fluctuating light winds, and relative 
humidity remaining above 40 per cent. The litter dried 
out to about 5 per cent by 4 p. m., when the falling 
temperature caused the relative humidity to advance 
sharply. Freezing temperature developed during the 
night. Five determinations made on March 28 at 3 
p. m. agreed within 2 per cent and averaged 5.7 per cent 
moisture content. At this time relative humidity was 
19 per cent and vapor pressure 0.069 inch. 

he period of these tests was not exceedingly dry 
except at its close. High night humidities, the absence 
of brisk winds, and comparatively low temperature were 
all unfavorable to rapid drying. Still on four days out 
of five the top litter had dried to 7 per cent or lower, and 
even on March 26 fire would have burned between the 
hours of 3and4p.m. This series of tests tends to verify 
that of the fall of 1925, the conclusion being that one 
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day of sunshine with even medium winds and humidity 
at or below 50 per cent creates a fire hazard. Temper- 
ature is chiefly important because of its influence upon 
relative humidity. 

SUMMARY 


After the fall of the new litter a fire hazard can be 
created through the agency of sun, wind, and low rela-. 
tive humidity on south exposures in a single day following 


On north exposures during the fall season, due to the 
small angle of insolation and shade cast even by hard- 
wood crowns, no material hazard can be created in one 


day. 
Wind is necessary for rapid drying, especially on north 
ures. 
aves absorb more than their weight of water and 
absorb moisture from moist air without the agency of 
rain, dew, or frost. The moisture content of litter is thus 
affected by night humidities. . 

The period of active drying during the fall season o 
1925 was limited to 6 or 7 hours during midday even on 
the more hazardous days. High relative humidity was 
-isenatai throughout all nights after the leaf crop came 

own. 

Low moisture content can be estimated by a breaking 
test. 

The conclusions from the fall season of 1925, as regards 
drying rate on south slopes, were generally verified in the 
_ season, although lower moisture percentages were 
ound. 

Conditions of wind, sunshine, and relative humidity 
favorable to forest fire are the regular aftermath of the 
passage of a storm, and can be forecast with more cer- 
tainty than precipitation. | 

Unusual hazard is caused by continuation of high pres- 


sure over or west of the Appalachian region, or by the 


passing of a storm without precipitation in the region. 


LIGHTNING STORMS AND FOREST FIRES IN THE STATE OF WASHINGTON 


By Gzorcr W. ALEXANDER 
[Fire-Weather Warning Service, Seattle, Wash., March 4, 1927] 


The lightning storm, usually called the thunderstorm, 
might appear to be a somewhat unimportant climatic 
factor in the Pacific Northwest to one basing an opinion 
on published compilations of thunderstorm . 
Isoceraunics based on reports from Weather Bureau 
stations for the 20-year period 1904-1923 (1) indicate 
an annual frequency of 5 storms or less for the coastal 
regions of Washington and 10 or less for the rest of the 
State, except the extreme southeastern corner. For the 
period of record at the different stations, varying from 
35 to 45 years, the annual arene of number of storms 
reported are: For Seattle, 5; for Walla Walla, 7; and for 
Spokane, 8. The reported frequency for the entire 
Pacific coast is similar, except that an annual average of 
15 storms is ascribed to eastern Oregon, to Idaho, and to 
western Montana. 

On the other hand, reports of the number of lightning- 
caused fires on the national forests and on State and pri- 
vately owned timberlands in the coast States show that 
such storms are of extreme importance. For the season 
of 1926 the grand total of lightning fires was 3,520, or 
36 per cent of all the fires reported in California, Oregon, 
Washington, Idaho, western Montana, and British 
Coluinbia. Of these, 2,468 were on the national forests 
(51 per cent of all fires on the forests). For the 1926 


centage would in 


season in the State of Washington there were 192 light- 
ning fires on the national forests and 126 on private and 
State lands, being 48 and 11 per cent, respectively, of the 
total number of fires; and th. damage caused, especially 
in eastern Washington, was even greater, in proportion 
to the total rg from fires, than the numerical per- 
icate. For the season of 1925 the 
lightning fires on the national forests numbered 253 (54 
per cent of the total) and on other lands 155 (13 per cent); 
the records for preceding years show similar numbers 
and percentages. 
These figures indicate, especially to one studying the 
effect of weather on fire hazard, that, far from bei 
negligible or incidental, lightning must be consider 
as of major importance, particularly in the mountainous 
regions in which is located most of the national forest 
area, and that fire-weather warnings which do not localize 
to the greatest possible extent the imminence of lightning 
storms fail in a rn measure to achieve their purpose. 
Realizing the need for complete data on the occurrence 
of aceon 3 storms for purposes of both record and 
research, the Forest Service in 1924 furnished their 
mountain lookouts. with forms on which to record the 
date, hours of beginning and ending, direction of move- 
ment, amount of accompanying precipitation, and other 
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rtinent data as to each storm passing within vision or 
earing, with an accompanying report on all fires attribut 
able to each storm. On many of the forests the number 
and location of lookouts makes it fairly certain that each 
storm, during the period the lookout stations were 
manned, has been reported. » On other forests, where the 
eneral fire hazard is normally less and the number of 
feokoutd is smaller and their season shorter, and on out- 
side lands, where no such stations report, this is by no 
means the case, and it is fairly certain that unreported 
storms have occurred. 

Reports from the national forests for 1924, 1925, and 
1926 are now available, and, supplemented by those 
from cooperative observers and special fire-weather 
service observers of the Weather Bureau, and by reports 
of lightning-caused fires from the field personnel of the 
Washington Forest Fire Association, which covers west- 
ern Washington outside the national forests, they have 
been made the basis of a survey of the frequency and 

eographical distribution of lightning over the State. 
With a view to improving the accuracy and localization 
of forecasts, the data have also: been used in studying 
the meteorological conditions antecedent to and accom- 
panying lightning storms. 

Due regard must be given the quality of the rts 
on which such a study is based.| They may be held to 
be entirely accurate as to dates and locations of storms 
reported, and fairly so as to the number of resultant 
fires. The precipitation is not for the most part meas- 
ured instrumentally, and the amounts reported, as also 
the percentage of lightning flashes confined to the clouds, 
depend largely on the observer’s judgment and’ point 
of view. mt oa of the reports show careful preparation; 
others do not. On the whole, they may be consider 
reliable as to dates, hours, and locations of storms and 
fires reported, but they can not be taken as excludi 
the possibility that other storms and fires occurred. 
They are most reliable and inclusive in late June, July, 
and August and least inclusive in May, early June, and 
September. The other months are not considered in 
this study, since the probability is small that many 
storms or important damage from them will oceur in 
this region during the period of major cyclonic activity 
and comparatively low temperatures. | 

In 1924, from the beginning of reporting (various dates 
in July) to the closing of the lookout stations, lightning 
storms occurred on 21 days. There were 37 such da, 
in 1925 and 29 in 1926. Reports of lightning fires indi- 
cate that there were probably storms on other days 
during these seasons, but the dates can not be fixed 
accurately. The numbers of storms reported vary with 
the location of the station andthe length of the period 
reported on, from a minimum of 1 per season to # maxi- 
mum of 14, with an average of about 8. Thus, based 
on the average number of storms reported per. station 
rather than on the aggregate of days with storms, the 
frequency of storms for this region would be about that 
noted in the first paragraph. 

The 87 known dates of storms noted above for the three 


seasons are the basis of this study. The location of 


each reported storm has been plotted on a ey, of the 
State, a separate map for each storm day. Pressure 


distribution, temperature, humidity, precipitation, and 


wind direction and velocity over the affected areas have 

been analyzed, to discover, if possible, the reasons for 

the known distribution of storms. For two reasons the 

synoptic charts for 8 p. m, (seventy-fifth meridian time) 

have been used in this study—first, because the abnor- 
45875—27——2 
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malities of pressure and temperature distribution most 
favorable to lightning storms are more notable on these 
than on the morning charts; second, fire-weather fore- 
casts and warnings are distributed in this district in the 
evening, to aid in planning the next day’s activities, and 
are based on conditions shown on the 8 p. m. charts. 

Classification of storm types.—In attempting to group 
the 87 storms in relation to various types of pressure 
distribution (according to Humphreys’ classification of 
thunderstorms (2)), four weaned types of such dis- 
tribution could be segregated. 

Type I: Cyclonic, corresponding to Humphreys’ ‘“‘b”’ 
type (in the southeast or, less frequently, the southwest 

uadrant of a regularly formed Low). Twenty-two of 
this type were noted. Contrary to the general rule, and 
for reasons to be stated later, in this region most of 
these occurred in the southwest quadrant of the Low. 

Type II: Anticyclonic, or trough storm, corresponding 
to Humphreys’ type ‘‘d’”’ (the region covered by a 
low-pressure trough between adjacent high-pressure 
areas). This type is most numerous, with 47 examples. 

Type III: The border storm, corresponding to Hum- 
phreys’ ‘‘e”’ type (along the boundary between warm and ~ 
cold waves). This type was noted but once. 

Type IV: This is a combination of Humphreys’ 
classes ‘“‘a” (regions of high temperature and widely 
extended nearly uniform pressure * * * local or 
“‘heat”’ storms) and “d”’ (defined under Type IT), and 
is occasionally somewhat akin to “‘c”’ (barometric valley 
between the branches of a distorted or V-shaped isobar 
* * “* the tornadic storm). It is marked by a some- 
what variable distribution of pressure, but shows in all 
cases an area of relatively high pressure along the Pacific 
coast, or offshore, and an area of low pressure in the 
interior, wider than is the case under Type II, extending 
from the Cascade Mountains dnatwind: usually with a 
slight upward gradient toward the east, and marked by 
high temperature throughout. The area of high tem- 
perature and nearly uniform pressure may be extensive 
enough at.times for the formation of heat thunderstorms, 
but the influence of the offshore nicu, at least in Wash- 
ington, is always to be seen during the life history of a 
Type IV storm. This type frequently develops from 
a storm of Type II. Among the 17 Type IV storms are 
the 2 which caused the greatest number of fires and the 
greatest damage in 1925 and 1926. 

Data on the four types——These are presented in the 
following tables: | 


TABLE 1.— Annual distribution of storms \ 


Year TypelI | TypeIl |Type Total 


se 0 14 0 7 21 

16 16 1 5 37 

22 47 1 17 87 

TaBLE 2.—Monthly distribution of storms 
Se Per 

Type _| May | June | July |August | ,oP.,| Total cent of 
0 0 7 6 

Per cent of total, by months. 8 15 27 


} 
j 
| 
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TaBLe 3.—Geographical distribution of storms 


Type 
Total 
I I Ill IV 
estern Washington...............-..-----. 7 ll 1 8 27 
ron Washington -. 16 41 0 13 70 
23 52 1 21 197 


1 The apparent discrepancy between the totals noted in Tables 2 and 3 is due to the 
fact that certain storms extended over both sections; hence a duplication in noting 
distribution. 


TaBLe 4.—Storns resulting in fires, 1925 and 1926 ' 


Type 
Total 
I II Ill IV 
In western Washington: 
7 1 2 14 
Percentage of storms causing fires.....- 50 71 100 50 65 
In eastern Was! m: 
Storms causing fires.._.............-..-. 1 13 0 3 17 
Percentage of storms causing fires. --.-.- 6 50 0 38 33 


1 These years marked by more complete data on storms and fires. 
TYPE CHARACTERISTICS 


Type I (see fig. 1, pressure distribution at 8 p. m., 
August 31, 1925).—This, the cyclonic type, occurs most 
frequently in May, early June, late in August, and in 
September. (See Table 2.) During these months regu- 
larly formed Lows, causing more or less general precipi- 
tation, rather frequently pass eastward over southern 
British Columbia or northern Washington. The lookout 
stations are not manned during the periods of greatest 
frequency (early and late in the season). Reports from 
the mountain districts during these periods would un- 
doubtedly increase the number of recorded lightning 
storms attributable to this type of pressure distribution. 
Most of the lightning storms in western Washington 
accompany Lows of this type which pass directly east- 
ward from the North Pacific. Most of the tows affect- 
ing only eastern Washington are of the “Alberta” type, 
in which we find the lightning storms in the southwest 

uadrant, more commonly in August and September. 
en this type occurs there in normally a moderate 
temperature gradient between coast and inland stations, 
with relative humidity at or near the seasonal normal. 
Accompanying precipitation usually precludes any great 
danger from fires; in fact (see Table 4), but one fire in 
eastern Washington during the oe of the survey has 
been chargeable to a storm of this type and but two of 
record in western Washington. 

Type II (see fig. 2, pressure and temperature distribution 
at 8 p. m., July 10, 1926).—This, the “‘trough”’ or anti- 
cyclonic, is preeminently a summer or hot-weather type, 
and is responsible for 54 per cent of the storm days 
reported. Occurring most frequently in July and August, 
which are normally the periods of greatest fire hazard, 
with low humidity, light precipitation, and highly 
inflammable fire maliiel it is not strange that in 1925 
and 1926 fires occurred with 70 per cent of the lightning 
storms of this type in western Washington and with 50 
per cent of those in eastern Washington. The favorable 

ressure and temperature distributions are as follows: 
High pressure and comparatively low temperature alo 
the coast and over the western section, with north-sou 
isobars and isotherms, roughly parallel, and with low 
pressure and high temperature in the barometric valley, 
with a further gradient toward the east similar to but 
less steep than that toward the west. This situation 
a in effect, a “cold front” on the west and to a 


ess degree on the east. Thus there is an overrunning of 
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cool, moist air currents in connection with strong vertical 
convection and up-valley and up-mountain winds in the 
interior. This is a condition most favorable for extreme 
turbulence along the contacts of the conflicting air cur- 
rents, and for the establishment of an adiabatic or super- 
adiabatic gradient at or near the summits of the moun- 
tain ranges, from the Cascades eastward to include the 
Okanogan Highlands. Lightning storms result, scat- 
tered at times over large areas. The course of travel of 
each storm, its intensity, and the effectiveness of accom- 
panying precipitation depend in each case on conditions 
at and close to their point of origin and on the immedi- 
ately ensuing changes in the distribution of pressure and 
temperature. 

Because the north-south isobars of lowest pressure in 
the trough seem a to be closed on the north and 
south (usually from lack of data that would call for their 
extension on the chart) this t frequently bears a 
surface resemblance to Type I. It can usually be distin- 
guished, however, as being due to local conditions rather 
than to the eastward passage of a regularly formed Low. 

Type III. The border storm, or ‘‘cold-front’”’ type.— 
This appears as a trough of low pressure, with its main 
axis in a — east-west direction, not north-south as 
in Type Il. But one example has been noted during the 
three seasons of the survey—the storm of September 28, 
1925. In this case the pressure gradients were not very 
steep, nor the temperature gradients remarkably so. 

ightning was general in Washington west of the Cas- 
cades, and started many fires. Precipitation, while 
generally only of the order of 0.25 inch, was sufficient, 
with the high humidity, to prevent any great damage by 
the fires. The trough was the eastern extension of a 
secondary Low of moderate intensity, moving southeast- 
ward in the path of a predecessor then central over 
Utah. The fact that the summer path of Lows is normally 
somewhat farther north would seem to indicate that this 
type of storm should be comparatively infrequent and of 
little consequence except at the beginning and near the 
end of the season, when other conditions cause the 
fire hazard to be relatively low. i 

Type IV (see fig. 3, pressure and temperature distribu- 
tion at 8 p. m., July 11, 1926).—This is a combination 
type, as has been stated. While it prevails there are 
frequently lightning storms that we be classified 
under the “heat” or “‘local’’ types in the region of high 
temperature and fairly even pressure farther east over 
Idaho and western Montana. In fact, such was the 
case on July 12, 1926, with widely spread storms and 
damaging fires in those States and in southeastern British 
Columbia. In Washington, however, the coastal high- 
pressure ridge is the normal seasonal condition. The 
onshore westerly winds induced thereby, adiabatically 
cooled in passing over the Cascades, may be regarded 
as the vehicles for the moisture necessary for the produc- 
tion of lightning storms on the eastern slopes of the 
mountains and over the hot, dry interior plateau. 


DISTRIBUTION OF STORMS 


While the various pressure s are generally quite 
obvious, two very important problems are to be consid- | 
ered in forecasting lightning storms for the Sorin fl 
interests: First, the area to be affected must be delimited; 
second, the probability of effective precipitation must be 
indicated, and whether it will be fairly general over the 
area, or entirely local, confined to the space immediately 
under the storm clouds, and hence yore greatly in 
amount from place to place. A study of the exemplars 
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Fic. 1.—Distribution of 


8 p. m., August 31, 1925, resulting in lightning storms of Type I (cyclonic) 


and temperature over the western United States at Fic. 2—Distribution of pressure and temperature over the western United States at 


8 p. m., July 10, I resulting in lightning storms of Type II (anticyclonic) 


29,9 
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Fia. 3.—Distribution of and tem: over the western United States at Fic. 4.—Distribution of pressure and temperature over the western United States at 8 
8p. m., July ll, 1926, sapabting. in, Heliomapeberwe of Type LY (combination) p. m., July 12, 1926, resulting in lightning storms of Type IV 
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of Types II and IV, especially for the seasons of 1925 
and 1926, allows one to draw certain tentative conclu- 
sions, which should be of value for the desired localiza- 
tion of the forecasts. As there is sometimes a certain 
similarity between Types I and II, and more frequently 
between IT and IV, with a frequent development from the 
one to the other type, these conclusions apply in a measure 
to Type I, and more generally to Types I and IV. 

In studying the possibilities of localizing the forecasts, 
the State of Washington may first be divided, by the 
line of summits of the Cascade Mountains, into two 
major climatic zones: 

The western or maritime zone is further subdivided 
into, first, the Olympic Peninsula; second, southwestern 
Washington, with the Willapa Hills of the coast range; 
third, the western Cascade slopes, including (3a) the 
northern half, or the Mount Beker and Snoqualmie 
Forests and the contiguous lands westward to Puget 
Sound, and (3b) the southern half, or the western portions 
of the Rainier and Columbia Forests and contiguous area 
westward to the eastern boundary of section 2. 

The eastern or continental zone is subdivided into (4a) 
the northeastern Cascades, including the Chelan and 
Wenatchee Forests and the Okanogan Valley; (4b) the 
southeastern Cascades, comprising the eastern portions 
of the Rainier and Columbia Forests and forested areas 
to the east; and (5) the Okanogan Highlands, including 
the Colville Forest, and generally all forest lands in the 
northeastern quarter of the State. There are not included 
in this study parts of the Kaniksu Forest in the northeast 
and the Umatilla Forest in the southeast, as these forests 
lie mainly in Idaho and Oregon, respectively; nor the 
unforested plateau of southeastern Washington. 

Sections 1 and 2.—Reports of summer lightning storms 
are comparatively infrequent from sections 1 and 2; 
those of spring and fall storms of Types I and III are 
more frequent. Fires have been only infrequently caused 
by such storms and have rarely reached dangerous size, 
due to the generally favorable conditions of humidity 
and precipitation. Hence, for these districts, forecasts 
of lightning storms are, from the forester’s standpoint, 
of minor importance. This is fortunate, as the develop- 
ment of storm-favoring conditions—i. e., the rate of 
approach of Lows from offshore and their point of inci- 
dence on the coast, or the coming of a “cold front’’—is 
frequently not well defined on the 2 he tic charts imme- 
diately preceding the actual arriva of the storms near 
the coast. From the sparse data at hand the principal 
means of recognizing the probability of lightning with 
such storms is the occurrence of temperatures (maxima 
particularly) somewhat above the seasonal normal at 
coast stations (Tatoosh Island, North Head, Marsh- 
field, and at times Seattle and Portland) during the ap- 
proach of a Low. Abnormally high temperatures at the 
coast stations, with maxima in the upper eighties or 
nineties, as a rule are not indicative of lightning, being 
usually the effect of an inward movement of a HIGH on 
the north, with a general air circulation strong enough to 
prevent the local necessary convection, condensation, 
and turbulence in the upper air. In these two sections, 
then, moderately high temperatures with relative humid- 
ity normal or somewhat above are favorable for lightning 
storms; high temperatures with greatly subnormal relative 
humidity are unfavorable. 

Sections 3a and 3b.—The western portion of these subdi- 
visions—that is, the eastern Puget Sound Valley and the 
valleys of the upper Chehalis and lower Cowlitz Rivers— 
presents conditions comparable to those of sections 1 and 
2. Type I storms are most frequent, and temperature 
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and humidity are the best indices of storm probability, 
given favorable pressure gradients. Farther east the 
ranges and valleys of the western Cascades, by their 
irregularity of direction, tend to complicate matters. 
Temperatures are higher in the narrow valleys, convec- 
tion and up-valley and up-mountain winds, with turbu- 
lence aloft, are more pronounced, and storms of Types II 
and IV are more frequent. 
__ In the northern part of section 3a, portions of eastern 
Whatcom and Skagit Counties partake to a certain extent 
of the eastern régime of temperature, humidity, and pre- 
cipitation, and especially with respect to storms of 
Types II and IV. This is due to the effects of certain 
transverse (north-south) minor ranges in shutting off the 
westerly winds from certain drainage basins and creating 


in effect, a western outpost of the eastern zone of pro- 


nounced convectional activity. 

In the valleys of the Wind River and the White Salmon 
tributaries of the Columbia River flowing southwa 
through the southern Columbia Forest, a similar condi- 
tion exists. The presence of the near-by Columbia 
Gorge, which is a channel for air as well as water, further 
complicates matters here. As easterly, down-valley, or 

e 
continental and maritime régimes alternate in the lower 
portions of the smaller tributary valleys. The lines of 
demarcation, meteorological and geographical, are neither 
constant nor sharply defined; hence localization of the 
forecasts within this section, either with regard to light- 
ning or to changes in relative humidity, will always be 
rather difficult. 

An examination of the synoptic charts just prior to 
storms in this southern Cascade region discloses one 
salient fact. Given similar types of pressure distribution 
the geographical distribution of lightning is governed by 
the march of high temperature and the extension of the 
low-pressure trough from west to east—that is, the areas 
of greatest convection and of greatest velocity of up-valley 
winds are the areas of greatest turbulence aloft, and are 
those in which the storms follow closely on the occurrence 
of abnormally high temperature. 

This march of high temperature and the subsequent 
development and progress of storms, with enlargement 
of the storm area, is well illustrated by the om ts 
charts (8 p.m.) for July 8 to 11, 1926. (See figs. 2 an 3) 
At 8 p. m. on the 8th the North Pacific nigH imping 
on the coast of British Columbia and Washington, with 
highest pressure at Prince Rupert, and with a uniform 

adient to the southeast, thus favoring northerly winds, 

igh temperatures, and low humidity in the western 
portions of British Columbia, Washington, and Oregon. 
A trough of low pressure extended from the Mexican 
border northeastward, to include Minnesota. By the 
9th the temperature in western Washington had arisen 
strongly, and by 8 p. m. the part of the n1eH which had 
extended inland was practically bisected by a heat- 
induced trough of low pressure, extending northward to 
Kamloops, British Columbia, from the semipermanent 
Arizona-California Low, with lowest pressure and highest 
temperature in western Washington. On this date 


‘abnormally high temperatures were reported from the 
southern Cascades, and on the 10th lightning occurred 
in the vicinity of the reporting stations. 


Conditions remained similar on the 10th (see fig. 2)— 
that is, high pressure along the coast, and with the trough 
central at Kamloops and Portland. The temperature 
continued to rise in the interior of the west portion of the 
two States (the absolute highest of record being reported 
from Portland and Roseburg on this date). There re- 
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mained an area of moderately high pressure, with a lesser 
gradient toward the west, over the northern apiatene, 
with its center-moving eastward. On the 11th light- 
ning storms continued over the southern Cascades and 
appeared on the eastern slopes, central and. southern, 
over those areas marked by rising temperature on the 
10th.. (This persistence of extremely high temperature 
in the interior of western Washington and Oregon is 
rather an unusual phenomenon.) .. .. ye 

By 8 p. m. of the 11th (see fig. 3) the low-pressure 
trough had extended eastward, covering the northern 
Rocky Mountain. States, with rising temperatures. in 
eastern Washington (where highest taenpereinee of 
record were noted on this day), Idaho, Montana, and 
southeastern British Columbia... The North Pacific n1gH 
remained. stationary, causing westerly winds in. western 
Washington and beyond the summits of the Cascades, 
as, indicated by .reports from lookout stations.. The 
lightning-storm area of the 12th was practically . co- 
extensive with the area of rising temperature on the 11th 
and no further storms were reported from. the region of 
westerly winds and lower temperature in the. west. | 

By 8 p. m. of the 12th a readjustment of offshore pres- 
sure was indicated. A Low of moderate intensity was 

assing eastward over southern British Columbia and 
joining with the trough, while pressure along the coast 
of Oregon had greatly increased. This combination 
caused southwest winds over eastern Washington, at the 
surface and aloft, strong enough to overcome the previous 
convectional activity, and no lightning was reported in 
Washington after 11 p.m. on that date. It is believed 
that the storms continued during the early morning of 
the 13th in Idaho. and British Columbia; exact data are 
not available, however. 

The march of the storm area is indicated on Figure. 5, 
by isobronts of the average hour on which lightning was 
first reported at the various stations on July 10, 11, and 
12. On the 12th there appear to have been two well- 
defined groups of storms, one beginning at noon, the 
other at 2 p. m. (one hundred and twentieth meridian 
time). . The failure of the isobronts of the 11th and 12th 
. to extend to the southeast is due to lack of detailed re- 

rts from that part of the State; the storm of the 12th 

id extend over that section, as indicated by reports 
from several cooperative observers, who, however, did 
not state the hours of beginning and ending. It. should 
be remarked that in the southern Cascade section high 
temperatures occurred on the 9th and 10th; lightning 
began on the 10th and continued on the 11th, In the 
central portion of the eastern Cascades, similarly, with 
high temperatures on the 10th and 11th, there was light- 
ning on the 11th and 12th. This is a somewhat unusual 
case of persistence. 

In this connection it may be said that while the wind 
at Spokane is from the southwest very few lightning 
storms of Types II and IV are noted in eastern Wash- 
ington and none at all when such winds are of 10 miles 

r hour or more, and are obviously winds under the 
influence of the general gradient rather than purely 
local in character.. This is not so in the case of the 
cyclonic Type I, in which most of the storms are in the 
southwest quadrant, and southwesterly winds are quite 
frequent. 

hile the t 
and the correlation between cause and effect quite obvi- 
ous, the situations are usually rather more complex; 
hence extensive generalization seems unsafe. A_ study 
of the synoptic charts for the three summers shows, in 
fact, frequent recurrences of what appear to be very 
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pet lightning-storm types, following which no lightning 
as been reported. In such cases, however, it is uncer- 
tain whether actually no lightnin oceurred or whether 
it was simply not seen or reported. It is reasonable to 
believe that the latter has often happened. 


PRESSURE AND TEMPERATURE DISTRIBUTION 


While characteristic pressure and temperature dis- 
tributions are illustrated on the type charts, the consist- 
ency of these distributions is better shown by rekon 
for selected stations the average 8 P m. pressure an 
temperature storm days. The stations chosen 
show, as well as so small a number can, the pressure 


i \ 


Clallam 


WASHINGTON 


Fic. 5.—Isobronts: Average hour of beginning of lightning in series of storms of July 10, 
, 11, and 12, 1926 


gradients and differences in temperature which are 
effective in causing local ‘‘cold fronts,’’ which result in 
lightning storms. 

While it may not be entirely safe to compute averages 
for so short a period, the number of examples of each 
type and the similarity of the averages and differences 
for each. season to those of the entire period make the 
figures in Tables 5 and 6 interesting, and give them a 
certain corroborative value in the attempt to fix type 
characteristics. 


TABLE 5.—Average pressure and temperature at 8 p. m., preceding 
lightning-storm days 


Pressure Temperature 
 |'Tatoosh) North | yakima| spokane| Seattle POY | yakima| Spokane 
Inches | Inches | Inches | Inches 

29.924 | 29.967 | 29.853) 29,822 64. 6 67.6 71.7 72.4 
30.006 | 30.022; 29.811 | 29.854 71.8 78.1 87.6 848 
P¥isa0G 30.025 | 30.089 | 29.833 29. 857 71.3 76.8 83. 6 82.5 
Average.| 30.003 | 30.021 | 29.825 | 29.848 70.1 75. 5 83. 2 81.8 
Note.—The average is computed from the total number of dates, not as an average of 

type averages. Type III is omitted from the tabulations. 


TABLE 6.—Average pressure and temperature gradients at 8 p. m., 
preceding lightning-storm days 


Pressure differences Temperature differences 
Storm ; 

type North Spo- Spo- Port- _| Spo- Spo- 

Head kane- | kane- | land- Yekins | kane- 
Tatoosh | *® Tatoosh | Yakima] Seattle | Seattle | Yakima 

Inch mech Inch Inch 
Each émaieod 0.043 | —0.071 | —0.102 | —0. 031 3.0 7.1} 7.8 0.7 
-016 | —.195 —. 152 . 043 6.3 15.8 13.0 —2.8 
TVS -014 | —.192| —.168 024 5.5 12.5 11.2 +1.3 
Average.| .018| —.178| —. 155 023 5.4 13. 1 1L7 
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LIGHTNING STORMS AND FIRES 


While the occurrence of lightning storms and the pos- 
sibilities of accurately forecasting them are of prime 
interest to the omega to the forester such 
storms are interesting mainly because they cause fires. 
Since not every storm starts a fire, even though wide- 
spread and marked by intense electrical display, the 
number of lightning fires and the extent of the dama 
must be affected by weather conditions which precede 
and follow the actual lightning flashes. 

In a very exhaustive analysis of the lightning papers 
from the lookout stations in Forest District No. 1 
(northern ae Mountain region) for the years 1924 

. T. Gisborne (3) has suggested that the 
difference in the number of lightning fires during these 
years may be explained by the difference in average dura- 
tion of rainfall before and after the first and last flashes 
of each storm were observed, and by a small difference in 
the averages of the reported percentage of flashes confined 
to the clouds. 

The lightning reports for the three seasons in Wash- 
ington are made on the same form, contain the same 
classes of information, and are presumably about as 
accurate as those in District No. 1. A scrutiny of the 
percentage of flashes reported as having been confined to 
the clouds and of the total number of flashes in each 
storm (the latter not always stated) indicates that such a 
comparison of percentages as between ‘safe’ (nonfire- 
causing) and “dangerous” (fire-causing) storms can not 
at present be given much weight as determinants of the 


safety factor. This conclusion is based on the following 


items: 

(a) Probability of error in determining the number and 
striking point of flashes. 

(b) Probability of error in computing percentages. 
This is because the number of cloud-to-cloud flashes and 
of cloud-to-earth flashes are not specified, nor even the 
total number of flashes in many cases. One observer 
reported for a certain storm a total of one flash, with 75 
per cent of flashes from cloud to cloud. 

The percentages are interesting, and they would, if the 
data were unimpeachable, be important. 

There is a similar lack of authority in the reports as to 
the duration of precipitation before and after the flashes. 
The lookouts report this in minutes (duration of period 
between flashes having to be interpolated) and the 
amounts of precipitation, as light, moderate, or heavy, 
with occasional qualifying adjectives. In but few cases 
are instrumental measurements given. During certain 
storms the amounts reported vary from none, through 
light, to extra heavy (for the same storm and within a 
circumscribed area), which is quite natural and to be 
expected. At times those stations reporting heavy pre- 
cipitation report numerous fires, while those reporting 
no rain or little, report few or no fires; occasionally the 
reverse is true. This, due to the purel local character 
of most of the summer storms of Types II and IV, is also 
natural and to be expected. Also, one must consider the 
fact that bolts from local lightning storms not infre- 
quently strike at points somewhat distant from the 
region immediately beneath the storm cloud (4), which 
would receive the greatest amount of precipitation. 
Hence the quantity or duration of precipitation reported 
by individual observers for any fixed points is not a valid 


index to use in classifying the storms as “safe” or 
“‘dangerous.”’ 

In addition to the precipitation reported by the look- 
e precipitation reported by 


outs I have considered 
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regular cooperative observers. To correlate numerically 
the precipitation amounts with the number of fires 
resulting from any given storm has not been practicable, 
but there has been noted a fairly close relation between 
the number of fires and the extensiveness of the rainfall. 
In cases where precipitation has occurred at only a few 
very scattered stations, even with amounts ranging from 
a trace to 0.90 or 1 inch (the lookouts reporting from 
“‘very light” to “extra heavy”), numerous fires have been 
reported. Types II and are characterized by this 
variable, localized precipitation, and for eastern Wash- 
ington are preeminently the dangerous storms. Again, 
with precipitation rather light, 0.01 to 0.30 inch in vary- 
ing amounts, but general, thereby increasing the pro 
ability of effective amounts precisely at the location of 
the lightning strikes, few fires, and generally none, have 
been reported. Such as are reported are usually easily 
extinguished, being for the most part class A fires (one- 
fourth acre or less). This general spread of precipitation 
is characteristic of the cyclonic Type I and partly explains 
its comparative innocuousness. 

In western Washington reports of storms of Types II 
and IV are fewer but the percentage of dangerous 
storms of these classes is greater than in the eastern sec- 
tion. This is partly because over a rather large area the 
chief source of information about the occurrence of 
storms has been the reports of fires caused by them, and 
probably partly because the more abundant fire material 
is at its seasonal peak of inflammability during the 
lightning season. Precipitation in this section during the 
known dangerous storms has been light and scattered, 
except in the one notable example of ITT. . 

Relative humidity and temperature before and just 
after storms probably affect their fire-causing character 
more than do attendant conditions. An examination of 
conditions prior to and subsequent to the storms that 
have resulted in the most widely destructive fires dis- 
closes two significant features—high temperature and 
low relative humidity prevail before and after the storms, 
and changes in these elements during the storm are of 
but brief duration. The effect is threefold: Forest mate- 
rials have become highly inflammable just prior to the 
storm, the amount of effective precipitation is lessened 
by partial evaporation of the rain as it falls (complete 
evaporation before reaching the ground has been fre- 
quently noted in arid regions under similar circum- 
stances), and rain that does reach the earth is evaporated 
very rapidly, the régime of high hazard being quickly 
reestablished. 

Pressure distribution and temperature at 8 p. m. just 
preceding dangerous storms are shown in Tables 7 and 8 
and the relative humidity for the same observation in 
Table 9 following: 


TABLE 7.—Average pressure and temperature distribution at 8 p. m., 
preceding ‘“‘dangerous storms”’ 


Pressure Temperature 


Ta- 
North | Yaki- | Spo- | Seat- | Port- | Yaki- | Spo- 
— Head | ma | kane | tle | land | ma | kane 


storms -......... 29. 903 | 29.893 | 20.786 | 29.820) 77.2] 83.3) 88.0 84.7 


29. 981 30.019 | 29.773 | 29.803 | 75.0) 80.3) 926 90.3 


all storms. 30. 003 | 30.021 | 29.825 | 29.848; 70.1 75.5 | 83.2 81.8 


4 
4, 
: 
| 
>! 
4 
| 
Western Washing- 
uA ton, dangerous 
ton, dangerous | 
storms 
Eastern and west- | 
ern Washington 
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TABLE 8.—Average pressure and temperature gradients at 8 p. m., 
preceding “dangerous storms” 


Temperature difference 


Pressure difference 
North | Yaki- Spo- | Port- | Yaki-| S Spo- 
Head-| ma- | kane land- | ma- Po kane- 
Ta- Ta- Ta- | Yaki- | Seat- | Seat- | Seat- | Yaki- 
toosh | toosh | toosh | ma tle tle tle ma 
Western Washing- 
ton, dangerous 
storms ..........|—0, 010 |—0.117 |—0.083 | 0. 034 6.1 10.8 7.5 —-3.3 
n ngerous 
| —.208 | ~-.178| .030} 156] -23 
Eastern and west- 
ern W i 
all storms.......| .018 | —.178 | —. 155 . 023 5.4 13.1 11.7 —14 


TABLE 9.—Average per cent of relative humidity at 8 p. m., preceding 
‘dangerous storms”’ 


Wind 
River | Dar- Leav 
Seat- | Port- Spo- b- 
Experi- en- 
tle | land use kane the 
Western Washington, dan- 
Eastern Washington, dan- 
gerous storms............ 46.9} 46.1 19.2 23.8 23.5 
Eastern and western W ash- 
ington, all storms........ 52.0; 488 44.0 50. 0 25.1 27.6 29.3 


As pointed out previously, pressure and temperature 
distribution govern the location of the storms. From the 


three tables above it will be seen that the degree of accen- 
tuation of a given type of pressure and temperature 
seems to —_ the degree of danger from the individual 
storm. Except that lightning fires are often harder to 
suppress than others, because they often occur in in- 


accessible locations, they are, once started, no different 


from those originating from any other source. The 
react in like manner to changes in the “‘fire-weather” 
conditions. During the period 1916-1926, for which 
specific figures for the national forests are available, every 
aie marked by great damage from lightning fires in the 

ashington forests (the acreage burned over being the 
index of damage) has been preceded by generally sub- 
normal precipitation and relative humidity, and the 
fires were neither controlled nor suppressed until these 
subnormal conditions were relieved. 

Forestry interests have suggested that forecasts of 
lightning storms include some indication as to the 
expected “safe” or ‘‘dangerous” character of the storm. 
Having in mind the fact that the degree of danger to be 
expected varies inversely with the amount and exten- 
siveness of the accompanying precipitation and with 
changes in the fire hazard, we may ordinarily consider 
that storms of Type I (usually occurring during periods of 
nearly normal humidity and attended by general rainfall) 
are “‘safe’’—that is, few, if any fires are to be expected. 
But the very nature of Types I and IV, typical summer 
storms, with scattered, light precipitation and subnormal 
humidity, would usually preclude the possibility of such 
a predesignation, except under extraordinary circum- 
stances. 


It may not be feasible to forecast ‘‘safe” storms in July | 


and August, but, on the other hand, it may at times be 
entirely proper to include in the forecast, when a storm is 
seen to impend during a period of generally high fire 
hazard but without probability of ameliorating the 
conditions, a statement that general conditions favor the 
establishment of fires. While general verification of such 
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a forecast might not be expected over any large area, the 
information might be of value in regulating the activities 
of suppressive forces in zones known to be particularly 
subject to storms and to lightning fires. 

he ignition of forest material by lightning would seem 
to be somewhat fortuitous, depending on whether the 
strikes are on inflammable material, as growing trees, 
snags (tall dead trees or stumps), duff, or moss, or on the 
bare mineral earth or grassy meadows. There is dearth 
of..authenic information as to the material in which 
most fires start. Strikes are frequent on green trees and 
tall snags, as may be seen from their splintered condition. 
Whether fires in such cases are caused by blazing splinters, 
ignited moss, or in the duff ignited during the grounding 
of the bolt is difficult to determine, as in most cases the 
evidence is consumed before examination is possible. 
There seem to be certain well-defined storm paths, 
and in these paths certain areas are marked by many fires. 
While topography would influence the conditions that 
cause storms, or hence the storm paths, the reasons for 
differing susceptibility to fires will have to be determined 
by investigation in each district. 


CONCLUSIONS 


1. Lightning storms are of outstanding importance 
among the meteorological phenomena affecting the fire 
hazard in Washington, and in the Pacific Coast States in 

neral. Localization of forecasts of such storms is 

ighly desirable. . 

2. Such storms in Washington, with reference to the 
poses distribution causing them, are classified under 
our types—I, the cyclonic; I, the trough, or anti- 
cyclonic; III, the border storm; IV, a combination of 
the trough and the local or heat storm. 

3. Storms of e I are least dangerous, from the 
standpoint of resultant fires and damage, while those of 
Type III are infrequent. Fires are very probable after 
storms of es Il and IV. High pressure along the 
coast and temperatures in the interior, with pro- 
nounced gradients, are the dominating features attending 
the dangerous types. 

4. The local occurrence of lightning storms is governed 
by orographic and climatic conditions, the storms being 
most frequent in zones of highest:summer temperature, 
with marked convectional activity and up-mountain 
winds. Given suitable pressure distribution, individual 
storms follow the march of high temperature from west 
to east at an interval of 12 to 36 hours after the tempera- 
ture maxima. This should allow us to localize the 
forecasts. 

5. The occurrence of fires after storms seems to be 
limited by the degree of distribution and the amount of 
accompanying precipitation, rather than by its pores 
local intensity. The extent of damage from such fires 
is governed by the seasonal degree of inflammability of 
the fire material and by the occurrence of fire weather 
before and after the fires are established. 
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Fic. 2.—March temperature departure in °F., and the rainfall departure of the subsequent rainy season in inches, San Diego, Calif. 


of rain and the amount of precipitation in the following result of large excesses or deficiencies in particular years 
rainy season. instead of being a result of frequent occurrences. 

A graph was prepared with a curve showing the normal This information eliminated all monthly temperatures 
temperature by months for the calendar year, a second except those of March as indicators of the amount of:the 
curve showing the average monthly temperatures for all following seasonal. precipitation. Hence the graph: in 
years of the Los Angeles record with precipitation above Figure 1 was made showing’ for Los Angeles how: the 
ie normal, and a third for all years with precipitation below seasonal precipitation and the preceding mean March 


i: 130 MONTHLY WEATHER REVIEW Marca, 1927 
ce MARCH TEMPERATURE AND THE FOLLOWING SEASON’S PRECIPITATION IN COASTAL SOUTHERN CALIFORNIA 
By Grorce M. Frencu 
[Weather Bureau Office, Lvs Angeles, Calif.] 
e This study of !the Los Angeles and San Diego tempera- normal. Noteworthy departures were shown in this 
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temperatures have varied from their respective normals. 
A similar chart covering the entire period of San Diego 
records was prepared, this being the only other regular 
Weather Bureau office in the coastal region of southern 
California. 

_ Figure 1 shows that the precipitation for Los Angeles 
has been above normal when the preceding March tem- 
perature was above, and below when the March tempera- 
ture was below,74 per centofthetime. Figure2 shows the 
same conditions 64 per cent of the time for San Diego 
with a record 27 years longer than that of Los Angeles. 
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This would tend to indicate that if the March tempera- 
ture is above normal in the coastal region of southern 
California the chances would be considerably in favor of 
precipitation being above normal for the following season, 
and vice versa, 

The temperature of March, 1926, equaled the highest 
mean for the month of March at the Los Angeles station 
and exceeded the highest mean for March at the San 
Diego station. At the close of March, 1927, both these 
stations had a total rainfall well above the normal for 
the entire season. 


_ FORMULAE FOR THE VAPOUR PRESSURE OF ICE AND OF WATER BELOW 0 °C. 
By F. J. W. 
(Kew Observatory, Richmond, Surrey, England, March 21, 1927] 


In the Monruty WeratHer Review, October, 1924 
(pp. 488-490), Doctor Washburn published a valuable 

iscussion of the vapour pressure of ice and of water 
below the freezing point. The formulae which he obtained 
from theoretical considerations are in beautiful agreement 
with observational data. Im deriving his formulae, 
Doctor Washburn introduced. two arbitrary constants, 
C and D, and evaluated these by reference to the experi- 
mental results. It appears, however, that simpler 
formulae can be written down which do not involve these 
arbitrary constants and which lead to the same numerical 
values. The agreement is really a demonstration that, 
over the range considered, the variation of specific heat 
with temperature can be ignored. The starting point is 
the Clausius-Clapeyron equation, 


@-V)T 
in which p is the vapour pressure, 
is absolute temperature, 
L is the latent heat of evaporation, 

and v— V is the change of volume on evaporation. 

As Doctor Washburn mentions, V, the specific volume 
of water is negligible in comparison with »v the specific 
volume of vapour. 

We assume that the latent heat of evaporation at the 
centigrade temperature ¢ is 


where L, is the latent heat of evaporation at 0° C. and 
Sw and Sv are the'specific heats of water and vapour at 
that temperature, and find (with Hertz) that the formula 


for vapour pressure over water is 


logio po R [ )logioe f+ 


0 


Here p is the required vapour pressure, 
Po is the vapour pressure at 0° C., 
J is the mechanical equivalent of heat, 
R is the gas constant, 

t+ T, is the absolute temperature. 
The formula for vapour pressure over ice is of the 
same type. f 
Using the numerical values, 


L,=597, Ly=79.8, T)=273.1 
S,,= 1.009, S;,=.5057, S,=.457 


and R/J =.1103 


we get the following formulae: 
(1) For vapour pressure over water 


t 
logio 10.78 a 
(2) For vapour pressure over ice 


t 
273.1+¢ 


t+ 273.1 


P 
logic p. — 0.445 logio “973.1 


(3) For relative humidity of vapour over ice 


t+273.1 t 


logio 799 4.56 — 9-83 

I have verified that these formulae agree with Doctor 
Washburn’s tables at —5°C., —10°C., —30°C., and 
100°C... There, is only a difference of 0.001 mm., 
which occurs systematically in the vapour over ice table 
(e. g. he gets 1.241 at —15°C., whereas I get 1.240). 

The agreement with the laboratory results is very 
remarkable. I never appreciated before the wonderful 
power of the second law of thermodynamics, on which 
the Clausius-Clapeyron formula is based. 


7 
A 
| 
a 

| 
loo, 
B10 973.1 
j 
ch 


. C., at the price of 10 cents each. Remittances 
should be sent direct to that official —A. J. H. 


elgium. We print a translation of M. Jaumotte’s 
conclusions: 


The few cases we have analyzed in this study show perfect 
agreement between facts and the Bjerknes theory. The cases of 
the degenerated cyclones prove that the separation of warm and 
cold air masses persists for a very long time, and that conse- 
— the phenomenon of mixing has but a negligible importance. 

his is an important argument for the Norwegian school against 
that of Exner. It is recognized that the two schools have the 
same poifit of departure, viz, the juxtaposition of two air masses 
of different temperatures, considered by Margules as the source 
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ie RESIGNATION OF THE ASSISTANT EDITOR to Exner the cyclone brings about a complete mixing of the two 
masses. _ 
Dr. B. M. Varney is terminating his connection with soundings seemi definitely "to "have 
- ae the Montuty Weatuer Review as of pany. 16 in order But not all the difficulties have been resolved. It is certain 
to go to an associate professorship at the. University of that ntematio use of fhe airplane for exploring the 
— California at Los Angeles. ere in future make a contribution of the highest importance 
a the study of the problems which confront us. One may 
— criticize the method at present as being limited by altitude, but 
—_— W. W. REED ON CLIMATOLOGICAL DATA FOR THE on the other hand it possesses the enormous advantage over the 
— This SupPLeMENT, as its. title indicates, presents ought to be carried out by a pilot with a conscientious observer 
ods : who will carefully note the phenomena observed. It is likewise 
satis of temperate, precipitation, rlative humidity, int th be ery ad espe 
oY ’ . . at the thermometer record the changes of temperature ou 
ue ; and groups of islands of the Pacific. lag. It goes without saying thas, except in vert strongly marked 
ee z . cases, a discontinuity will no shown if the trace is thicken 
are presented mostly in the form of ponthly Sy BA 
= . totals of precipitation also are — for a group of THE SEASONAL RAINFALL TO ANY DATE 
me _- selected stations at each of which the ne covers a By C. E. Grunsky 
es E riod ranging from 20 to 40 years. The statistics 
— assembled under a single-cover for easy reference. A diagram prepared for use in central Be on ew of 
— The author has completed his task in a very satisfactory California as an aid to a quick and dependable deter- 
—_ manner. Copies of the SuppLeEMENT may be obtained mination of the normal rainfall to any day of the climatic 
December (926. 
~ NORMAL RAINFALL CENTRAL CALIFORNIA Va | 
(Rain is noted in par cent of Norme!) 
70 Based on Records at since 1649 
ermal Annual Frain st San francisco« 22.2° 
: 
i 20 
ar 
July Aug. Oct. Jan Feb. Abr. 
_ from the Superintendent of Documents, Washington, year has been found very helpful in making comparison 


of any season’s precipitation with normal. 
How such a comparison can be made is shown on the 
diagram herewith presented. To the base diagram there 


AEROLOGICAL SOUNDINGS BY AIRPLANE IN RELATION has been added the mass curve of rainfall for the season 

‘3 TO THE BJERKNES THEORY OF CYCLONES 1996-37 from July 1 Md fenced 31 which shows oe 

a The final section of a paper under the above title by T#imfall at that time for the season 1926-27 was about 

Da resents the results of three airplane soundings over 8 *© be compared with 38 per cent of the normal annual, 
shown by the curve to be the normal to that date. 


When the mass curve of rainfall for individual years is 
to be plotted on such a base diagram sufficient space 
above the 100 per cent line should be provided so that 
there will be room for the possible extreme annual. 
This in the case of California is somewhat in excess of 200 
per cent. 

As noted on the diagram the precipitation records at 
three stations—San Francisco, Sacramento, and Red 
Bluff—have been used in its preparation and the results 


apply to any point within an extensive region instead of 
to the three single stations alone. The normal monthly 
rainfall, always in percentage of the normal annual, is 
shown for each month in black. Each of these values is 


of the potential ee which the cyclone partly transforms 
into kinetic onerey ccording to Bjerknes the end result is a 
superposition of the tropical air over the polar; while according 


1 MONTHLY WEATHER REVIEW SUPPLEMENT No. 28, W. W. Reed. 
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entered at the end of the respective month. It is their 
summation which establishes the points on the main or 
mass-curve of the diagram. The curve though prepared 
for a region, may nevertheless be accepted as correctly 
representing the normal precipitation at each one of the 
three stations on whose composite record it is based, 
because the values in percentage of normal, at the three 
several points were in fair correspondence. The com- 
posite, in fact, probably better represents normal condi- 
tions at each of the stations than do their own particular 
records because the influence of local sources of error is 
minimized in the composite. 

Where the rainfall year runs with the calendar year 
the time record on a similar diagram would, of course, 
— with January 1 instead of with July 1. 

o illustrate the use of the curve the lowing example 
may suffice: It is desired to know on December 31 how 
the rainfall of.7 inches since July 31, 1926, at.a point 
between Sacramento and San Francisco having a normal 
annual of 15 inches, compares with normal precipitation. 

The curve shows that the normal seasonal to December 
31 should be 38 per cent of the normal annual precipita- 
tion, that is, in this case 38 per cent of 15 inches or 5.7 
inches. The rainfall at the point in question was there- 
fore (7—5.7=) 1.3 inches in excess of normal on 
December 31. 


TORNADOES IN ARKANSAS IN MARCH, 1927 


By. W. C. H1icxkmon 
(U. S. Weather Bureau, Little Rock, Ark.] 


Two destructive tornadoes occurred in this State in 
March, 1927. The first started at 7:30 p. m. of the 17th 
at the village of Delight, in Pike County, and moved 
thence some 70 miles northeastward to the border 
between Saline and Pulaski Counties, covering the 
distance in about an hour. Eleven persons were killed 
and 25 injured in this storm. 

The second storm originated in Carroll County, south 
of Eureka Springs, moving thence east to Green Forest 
and thence east by south to Coin, and thence northeast 
to Denver, where it disappeared. This storm practically 
demolished the town of Green Forest, where 22 persons 
were killed and about 100 injured. Forty-eight houses 
were destroyed and 132 badly damaged; property loss 
was large. 

The distribution of pressure on the 17th was not such 
as usually attends a tornado, the V-shaped trough with a 
southward or southwestward protrusion which Humph- 
reys terms a normal but not invariable condition,' 


was notably missing on the 8 a. m. map; however, the 


moderate anticyclone to the northwestward was present 
and the temperature gradient was steep, temperatures of 
30° to 36° obtaining in western Oklahoma at 8 a. m., 
while at Little Rock the temperature was 62°. The 
8 p. m. map showed a weak cyclonic condition over the 


1 W. J. Humphreys, The Tornado. Mo. Wea. Rev., Dec., 1926, 
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Rockies and the southwest which, on the morning of the 
18th, had become a disturbance of wide extent. The 
temperature gradient was still fairly steep and by 8 p. m. 
of the 18th the map was much nearer the tornado type. 


A THUNDERSTORM wi ae HAIL, SLEET, AND 


A thunderstorm at St. Joseph, Mo., on the afternoon 
of March 19, 1927, was accompanied by rain, hail, sleet, 
and snow, a most unusual phenomenon. The storm 
came from the southwest in connection with an area of 
low barometric pressure central in southern Missouri at 
7 p. m. of the 19th. The thunderstorm began at 1:42 
p. m., and moderate thunder was heard at frequent 
intervals until 4:22 p. m. A rather heavy fall of hail 
began at 2:35 p. m., and continued for three minutes. 
The hail was preceded, accompanied, and followed by 
rain, and from 3:41 p. m. to 5:10 p. m., the rain was 
mixed with sleet, which in turn was followed by light 
mist. The hailstones were quite uniform in size, about 
one-fourth inch in diameter, and consisted of soft opaque 
centers surrounded by clear ice, while the sleet ranged 
from about the size of large shot to very small particles. 
The rain with temperature below freezing caused a light 
covering of glaze, and icicles 1 to 2 inches in length formed 
on wires and limbs of trees. The amounts of hail and 
sleet were about equal and when melted gave approxi- 
0.09 inch. of water. During the progress of the 
thunderstorm snow flurries were noted in the northern 

ortion of the city. The temperature at the time of the 
hail was 31° F., and while the sleet was falling it stood 
at 30°. During the storm the wind movement ranged 
from 7 to 11 miles per hour from the northeast, backing to 
north, and the barometer remained nearly stationary at 
slightly below normal. The total precipitation was 0.47 
inch.— W. S. Belden. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, FEBRUARY, 1927 


By J. B. Navarrete, Director 
[Observatorio del Salto, Santiago, Chile] 


February was characterized by increase in the activity 
of the atmospheric circulation over the far south. In 
the Central Zone the weather was settled and toward the 
end of the month the heat of summer began to decline. 

The most important depressions were those of the 
14th and 23d; the first of these affected the Central Zone 
to some extent, rain occurring as far north as Valdivia 
Province. The second depression was more intense; it 
affected the whole Southern Zone as far north as Con- 
cepcion, causing extremely heavy winds and rains. 
Maximum rainfalls varied between 26 and 46 mm. 

The most important anticyclonic régimes developed 
between the Ist and the 5th, 15th and 22d, and 24th to 
28th, and were characterized by general fine weather, 
and by strong southerly winds between the coasts of 
Chiloe and Arauco.—Transl. B. M. V. 
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Blanchard, W. O. 
Murphysboro tornado. p. 435-446. 
(Repr.: Sci. mon., v. 23, Novi 1926.) 


Brooks, Charles E. P. 
Climate through the ages; a study of the climatic factors and 
their variations. London. 1926. 439 p. illus. (maps). 


illus. plate. 26 cm. 


diagrs. 22 cm. 
Brunner, W. 
Erscheinungen im Luftmeer. Ziirich. 1926. 102 p. figs. 
plates. 20} cm. 


Buechel, Frederick A. 
Commerce of agriculture; a survey of agricultural resources. 


New York. 1926. ix, 439 p. illus. (maps). diagrs. 
234em. [Climates of the world, p. 21-65.] 
Canada. Natural resources intelligence service. 
Prince Edward Island, Canada; its resources and o (asd 
ties. [Ottawa.] 1926. 63 p. illus. 22 cm. if imate, 
p. 12-14.] 
Chilcott, E. C. 


Relations between crop yields and precipitation in the Great 
Plains area. Washington. 1927. 94 p. diagrs. 29 em. 
(U. S. agric. dept. Misc. cire. no. 81. Feb., 1927.) 


Fedorov, E. FE. 
Das Klima als Wettergesamtheit. 26 A 36 em. (Slutzk 
(vorm. Pavlovsk) bet Leningrad. agn. met. Observ.) 


{Manifold.] 


Finley, John P. 

Rainfall hazard. Fundamental factors which have to do with 
this weather risk and their practical application to under- 
writing. Article 1-3. v. p. illus. 32 cm. (Journ. of 

|. Amer. insur., Oct., 1926, Jan.-Feb., 1927.] [Reprint] 

Gil, Martin. 
Fundamentos del proyecto de ley creando la direccion de 
mete>rologia e hidrometria. Sesiones de 14 y 17 de Sep- 
tiembre de 1926. Buenos Aires. 1926. 44 p. 19} cm. 
(Camara de diputados de la nacion.) 


Kalitin, N. N. 
Die Durchsichtigkeit der Erdatmosphare nach Beobachtiin en 
in Pawlowsk. p. 376-400. figs. 22 cm. (Sonderdr 
Gerlands Beitrige zur Geophysik. Bd. 15, Heft 4, 1926.) 


Kopfmiiller, U. 
Der Land- und Seewind am Bodensee. 56 figs. 22 cm. 
(Sonderab. aus dem 54. Hefte der Schri ten des Vereines 

fiir Geschichte des Bodensees und seiner Umgebung.) 


League of nations. International committee on intellectual 
cooperation. 

Minutes of the eighth session, held at Geneva from Monday, 
July 26th, to Thursday, July 29th, 1926. Geneva. 1926. 
v.p. 33 em. [Includes discussion of proposal to establish 
an international bureau of meteorology. Other documents 
relating to the same project are filed with this report.] 
(Pub. League of nations. XII. A. Intellectual coopera- 

tion. 1926. XII. A. 8.) 


Lee, Everett S., & Foust, C. M 
Measurement of surge voltages on transmission lines due to 
lightning. p. 135-145. illus. plate. 30$cm. (Gen. elec. 
rev., v. 30, no. 3, March, 1927.) 


Lillo, Miguel. 
Cuarenta afios de observaciones pluviométricas 
cas en la ciudad de Tucumdn (1883-1923). 
1924. 31 p. diagrs. 26 cm. 


Lindenberg. Aeronautisches Observatorium. 
Héhenwetterdienst und Luftverkehr. Beeskow i. M. 


termométri- 
uenos Aires, 


22 p. illus. 22} cm. 
McEachron, K. B. 
Time, voltage, and current characteristics of lightning ar- 
resters. 8p. illus. 27cm. (Repr.: Gen. elec. rev., Oct., 
1926.) 
Mildner, Paul. 


Uber Luftdruckwellen. Darstellung der 24 
rt n und der 8 tigigen Welle fiir die Zeit vom 10. De- 
er 1923 my gum 19. Febr. 1924. Leipzig. 1926. 


173-238. figs. lates (part fold.) a em. ( erdffent. 
Geophys. 2te. Ser. Spezialarbeiten 
aus dem 
Mitsuda, R. 


124-128. illus. 304 em. 


Lightning survey in er 
larch, 1927.) 


Gen. elec. rev., v. 30, no. 


Nolan, J. 
Breaking of drome electric fields. Dublin. 
p...28-39. figs. 27 (Proc, Roy. Irish acad., v. 3 


sec. A, no. 3.) ; 


Peppler, W. 

Der Féhn im Bodenseegebiet nach den aerologischen Beobacht- 
ungen der Drachenstation. 17 fig. 22 cm. (Son- 
derab. aus dem 54. Hefte der Schriften des Vereines fir 
Geschichte des Bodensees und seiner Umgebung.) 


Zur Aerologie des Féhns, Miinchen. 1926. p. 198-214. 
a 3 Ane (Beitrige zur Phys. der freien Atmos. 12. Bd. 


Petitjean, L. 
Application & l’Afrique du Nord de la méthode 


de prévision du temps. (Notes parues aux Comptes rendus 

des séances de |l’Académie des sciences). ger. 1927. 

19 p. plates (fold.) 24cm. WIS 
Quayle, E. T. 


Sunspots and Australian rainfall. p. 131-143. figs. 25 et 
ot aw Proc. Roy. soc. Victoria. v. 37. (new ser.) pt. 2 


Russia. Hydrological congress. 
Proceedings of the first Russian hydrological co 
in Leningrad 7-14 May 1924. Leningrad. 1925. 
plates (part fold.) 28cm. 


[Russia,] Observatoire géophysique central. 
Bulletin de la Commission actinométrique permanente de 
l’Observatoire géophysique central. Leningrad. 1926. no. 
1-2, 1925-no. 1, 1926. 264 cm. 


Speerschneider, C. I. H. 
Om isforholdene i Danske farvande aarene 1861-1906. =“ 
settelse af meddelelse nr. 2.) Kgbenhavn. 1927. ae 
plate. 25cm. (Publikationer Danske met. inst. Medde 


elser. Nr. 6.) 


Szymkiewicz, Dezydery. 
tudes climatologiques. Warszawa. n. d. no. 11-13. p. 
125-140. fig. 244 em. (Extr.: Acta soc. bot. Poloniez. v. 
4, nr. 2, 1927.) 


Tabellas para o calculo des alturas pelas o 
p. 269-289. plates (fold.) 184 ¢ 
Observ. nac. Annuario. v. 43, 1927] 


Tucson sunshine-climate club. 
Tucson-Arizona; man-building in the sunshine climate. unp. 
illus. 214 cm. 


Universal humidifying co. 
Practical unit humidifier for the dwelling—apartment—office— 
(Philadelphia. c1926.] 32p. illus. 


held 
622 p. 


des barometricas. 
Rio de Janeiro. 


or individual room. . . 
23 cm. 


. [Phila- 


Practical humidifier for the steam-heated home . 
delphia. 


c1927.] 32p. illus. 23cm, 
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Wendler, Aagest. C42 8% 
Das Problem der technischen Wetterbeeinflussung. Hamburg. 
1927. 107 Pe figs. 23 cm. (Probleme der kosmischen 
Physik. no. 9.) 


ste Ergebnisse der meteorologischen Beobachtungen in 
essen in dem zehnjahrigen Zeitraum 1911-1920 und in 
dem zwanzigjihrigen Zeitraum 1901-1920. Darmstadt. 


Wich 


1926. 16 p. plates. 34 em. (Anhang Deutschen met. 
Jahrbuch. Hessen. 1919 und 1920.) 
Wiese, W. 


Vergleich der im Sommer 1925 beobachteten Eisverhiltnisse 
im Barents- und Karischen Meer mit den popes: 
p. 301-306. diagr. 254 em. [Abstract in German. Title 
and text also in Russian.] 


RECENT PAPERS BEARING ON METEOROLOGY 


The following titles have been selected from the con- 
tents of the periodicals and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of papers and other communications bearing on 
meteorology and cognate branches of science. This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles that 
appear to the compiler likely to be of particular interest 
in connection with the work of the Weather Bureau. 


ae journal of science. New Haven. (5) v. 13. February, 


Schuchert, Charles. Winters in the Upper Devonian of New 


York and Acadia. p. 123-132. 

Annalen der Hydrographie und maritimen Meieorologie. Berlin. 
55. Jahrgang. Januar 1927. 
Georgi, J.. & Rodewald, M. Auswertung zweier Flugzeug- 

aufstiege zur Diagnose der Wetterlage. p. 6-8. 
ericht tiber Messungen des luftelektri- 
schen bags. efilles bei Hamburg 1925. p. 9-12. 

. Der Zy 


yer a klon in Veracruz am 28. September 1926. 
miter, W. Der Habana-Zyklon vom 20. Oktober 1926. 
p 


Die zweite 


Perlewitz, P., Wittenbecher. J & Rodewald, M. 
tliche Freiballonfahrt. p. 1-6. 


hamburgische wissenschaf 


Ullrich, W. Uber meteorologische Beobachtungen an Bord und 
deren Verwertung bei der Deutschen Seewarte. p. 12-16. 
British astronomical association. Journal. London. v. 87. Feb- 


ruary, 1927. 

Burns, Gavin J. The auroral arch. 158-160. 

gee Seewarte Aus dem Archiv. amburg. 44. Jahrgang, 
mr. 1. 26. 

Gans, Margarete. Das Hudsonmeer. [Includes discussion 
of climate & climatic tables.] 1 

Electrical world. New York. v.89. April 9, 1927. 

Millar, Preston S., & Gray, S. McK. Visibility in ‘street 

lighting. New test object described. ‘p. 760-761. 
Engineering news-record. New York. v.98. March 31, 1927. 

Entenman, Paul M. Flood danger in the Colorado delta— 

channel construction the only safeguard. p. 532-534. 
i Académie des sciences. Comptes rendus. Paris. t. 184. 

Faucher, D., & Rougetot, E. Contribution 4 |’étude du 
mistral. p. 614-615. (7 mars.) 

Mathias, E. Contribution a l’étude de la matiére fulminante: 
ey de decomposition spontanée. p. 565-568. (7 
mars. 

Idrac, P., & Bureau, R. Expériences sur la propagation des 
ondes radiotélégraphiques en altitude. p. 691-692. (14 


mars.) : 
Mathias, E. Contribution a |’étude de la matiére fulminante. 


Celle-ci est-elle chaude ou froide? p. 653-655. (14 mars.) 
Geografski vestnik. Ljubljana. 1926. 
Rubi¢é,Ivo. PadalineuSplitu. p.17-22. (no.1.); p.72-81. 


(no. 2/3.) 
Geographical review. New York. v.17. April, 1927. . 
Henry, Philip W. The Great Lakes-St. Lawrence waterway. 
. 258-277. [Discusses fluctuations of water level in the 
reat Lakes.] 
Ibérica. Tortosa. Afio9. 7 enero 1922. 
Niavarro], Mianuel] Maria S. El 
Quervain. p. 165-166. ([Obituary.] 


Institut hydrologique de Russie. Bulletin. Leningrad. no.17. 1926. 
Wiese, W. Uber die Vorhersage der Zeit des Aufganges der 
aa 13-24. [Russian text with German abstract, 


professor Alfredo de 
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Meteoroiogical magazine. London. v.61. March, 1927. 
Brooks, C. E. P. An early essay in co-operative meteorology: 
_.. the great storm of 1703. p. 31-35. 
- Fairgrieve, J. London fog, January 20th, 1927. p. 29-31. 
{With chart showing gradual advance of the fog in the city 
from 9 a. m. to 4 p. m.] 


Lieutenant-Colonel Henry Mellish. p. 46-47. [Obituary.] 
Météorologie. Paris. n.s. t.8. 1927. 
Delcambre. Une application imprévue de la météorologie. 


Conclusion d’un débat littéraire. p. 21-22. (Janvier.) 

Hesselberg, Th. Ernst G. Calwagen. p. 15-17. (Janvier.) 
[Obituary 

Mellot, Arséne. Contribution 4 l'étude de laclimatologie de la 
France. p. 22-26. (Janvier.). [French weather records of 
17th, 18th & 19th centuries.] 

Pérés, B. Détermination d’une région des cdtes frangaises de 
la Manche et de l’Atlantique le plus favorable 4 une prise 
de films cinématographiques en juin et juillet. p. 64-67. 
(Février.) 

Raymond, G. Altération des styles en aluminium des instru- 
ments enregistreurs dans les régions maritimes. p. 63-64. 
(Février.) 

Sanson, J. La météorologie et l’agriculture en 1926. p. 54-62. 


(Février.) 
Nature. London. v. 119. March 19, 1927. 
Chapman, S. The sun, the earth’s atmosphere, and radio 
transmission. p. 428-429. 
Nature. Paris. 1 avril 1927. 
Cabanés. La “grande expérience” de Pascal: Descartes ou 
Pascal? p. 321-322. 
Phystkaliche Zeitschrift. Leipzig. 28. Jahrgang, no. 6. 1927. 
Dejmek, Joh. Zur Theorie der Wirbel. p. 196-198. 
Maurer, H. Die Stromrichtung in Blitzen. p. 211-212. 
Poland. Institut météorologique ceniral. . Etudes meteorologiques et 
hydrographiques. Varsovie. 1925/1926. 
Dobrowolski, A. B., & Wasik, J. The problem of the air and 
water movements over the ground-unevenesses. p. 54-65; 
Rittich, P. A. Comment observer “les systémes de nuages.” 
p. 3-16. [In Polish.]} 
Reale accademia dei Lincei. Ailti. v. (6)6, 
fase. 3. 1927. 
Rossi, G. Osservazioni sulla scintillazione delle stelle esequite 
nel R. Osservatorio del Campidoglio. p. 161-164. 
Science. New York. v.65. April 1, 1927. 
Bauer, Louis A. Cosmic aspects of atmospheric electricity. 
p. 314-316. 
Sociedad astronémica de Espata y América. Revista. 
Afio 17. Enero-febrero, 1927. 
Mendirichaga, Hernandez. 
climatologia. p. 12-16. 
Terrestrial magnetism and atmospheric electricity. Baltimore. v. 82. 
March, 1927. 
Cairns, J. E. I.. A statistical study of the effects of the atmos- 
pheric-electrie elements on broadcast reception. p. 11-16. 
Tuve, M. A., & Huff, C. On the use of a radioactive collector 
for potential-gradient measurements. p. 17-25. 
Wait, G. R. Preliminary note on the etfiect of dust, smoke, 
and relative humidity upon the potential gradient and the 
positive and negative conductivities of the atmosphere. 


. 31-35. 
U. 8: Fipapogunphte office. Pilot chart of the central American 
waters. 
Hurd, Willis Edwin. The northers of the Central American 
region. 


Roma. Rendiconti. 


Barcelona. 


La ceniza de los volcanes en 


SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
MARCH, 1927 


By Hersert H. Krmpatt, Solar Radiation Investigations 


For a description of instruments and exposures and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to the Review for 
January, 1924, 52: 42, January, 1925, 53: 29, and July, 


1925, 53: 318. 


From Table 1 it is seen that solar radiation intensities 
averaged close to normal at Washington, D. C., and 
Madison, Wis., and slightly above normal at Lincoln 
Nebr. At Lincoln, at 10:08 a. m. of the 21st a measured 
intensity of 1.54 gram calories per minute per square > 
centimeter is only 1 per cent less than the — midday 
intensity ever measured at that station in March 
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+ Table 2 shows a deficiency in the total solar radiation POSITIONS AND AREAS OF SUN SPOTS 
7 received on a horizontal surface from the sun and sky {Communicated by Capt. Edwin T. Pollock, Superintendent U. 8. Naval Observatory] 
3 at the three stations for which normals have been  (p,., turnished by Naval Observatory, in cooperation with Harvard, Yerkes, and 
i determined. Mount Wilson Observatories] | 
Skylight polarization measurements made at Madison 
2 on 16 days give a mean of 61 per cent with a maximum tial vers 
i. of 69 per cent on the Ist. These are close to normal Date standard 
fe values for March at Madison. At Washington, measure- Tenge | Latitude} Spot | Group 
i ments made on 11 days give a mean of 54 per cent with i 
| ‘ a maximum of 68 per cent on the 4th. The maximum 1927 * : : 
averages for March at Washington. ii 
TaBLE 1.—Solar radiation intensities during March, 1927 Mar. 2 (Harvard)... 12 20 +21.0 212 
4 [Gram-calories per minute per square centimeter of normal surface] Mar. 3 (Naval Observatory)..-.-..... 44 185 
WASHINGTON, D. C. —17.0| +23.5 93 
Ha) 
(8a. m,| 78.7° | 78.7° | 70.7° | 60.0°| 0.0° | 60.0° | 70.7° | 75.7° | 78.7° |Noon =—3.0| 4$23.5).....00[ 8 
75th Air mass mean Mar. 5 (Naval Observatory)..-....._. 60} 
e | 50 | 40 | 30 | 20 | *1.0| 20 | 30 | 40 | 50 | 
mm. cal. | cat. | cal. | cat. | cal. | cal. | cal. | mm. pgs ~32.5| —13.5| 154 |-...-- 
i 2 1.21) 1.37, 1.55, 1.20) 1.04) 0.94) 0.80, 1.88 —31.5| +10.0 
_ 0.97; Lil 149 0.97; 0.74) 0.62)...... 3. 00 +28. 0 93 
6 0.83 0.79} 0.61 708 Mar. 7 (Naval Observatory) 13 40 62 
00} +-0. 01|—0. 04|—0. 05 +0. 03|—0. 01|—0. 02)+0. 
1, 88 —5.0| +100} 
1.78 447.0} 426.0 31 
3.15 +560} +22.0 62 
4.37 +62.5 | —19.0 
5. 56 475 123 
6.76 77.6| —17.6| 123 |.-.-.... 
3.99 Mar. 10 (Naval Observatory). ----.._. 11 49; 20.0 15 
3.00 =32.5|) 108 
2. 49 +185 | —21.0}........ 31 
Mar. 11 (Naval Observatory) ll 46) —78.5 . 5 .... 
—19.5} —19.5 62 
—19.0| +15.5 262 
+29.0| —21.0 62 
—5.0| +15.5 216 
2. 36 —5.0) 19.0 46 
4.37 444.5} 139 
3.45 Mar. 13 (Naval Observatory)...-..... 41) +17.5) 
3. 30 —71.5| +3810 
4. 37 —82.0) 185 
2. 62 47.6) —18.0 15 
2.87 tas 417.6 18 
i Mar. 14 (Harvard) —69. 
60.0} +180) 136 |........ 
* Extrapolated. +82.0 409 
$4 ; TaBLE 2.—Solar and sky radiation received on a horizontal surface {ee +17.0 sears 76 
{Gram-calories per square centimeter of horizontal surface] Mar. 15 (Naval Observatory)........- 45 
A daily di —49. 5 +18.0 
Average daily radiation —45.0; +310 154 |.-..-..- 
Wash-| Madi-| Lin- | Chi- | New Wash- | Madi-| Lin- 497.5| 4155s. 128 
ington | son coln | cago | York | Falls || ington| son coln 485.0} 1251. 164 |....-..- 
16 (Naval Observatory). ..-..... ll 
Feb. 26....| 302| 24| 322 -21 —44.0 710 
Mar. 5...- 319 236 281 199 +9 —42 —66 —37.0 18.0 
19.---| 225| 205| 3283/ 240) —105| ~g2 -120| 
Deficisncy since first of year on Apr. —3, 766 |—1,407 | —3,338 +51, 0 


* Areas are corrected for foreshortening and are expressed in millionths of sun’s visible 
hemisphere. 


*Four-day mean. 
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Positions and areas of sun spots—Continued 


eliographi Area 
Eastern 
Date standard 
civil time} Longi- | ystitude| Spot | Group 
tude 
1927 h. ™m. 
Mar. 17 (Naval Observatory) --......- ll 87 —66.0 —10.0 }.....--- 31 
— 54.0 —10.5 31 
—42.0 —11.0 31 
—33.5 —8.0 123 
—32.0 +34.0 586 
—22, 5 +18.0 
—19.0 +31.0 
+1.0 —9.0 
+3.5| +18.5 77 
+68. 0 +16.0 
Mar. 18 (Naval Observatory) - -......- li 42 —52.0 —10.0 15 
—40.0 —10.5 108 
—19.5 —8.0 
—18.0 +34. 0 432 
—10.0 +18.0 WB 
—7.5 +31.0 164 |......-. 
14.5 —9.0} 128 
16.0} +18.5 216 
.0 +15.0 
Mar. 19 (Naval Observatory) - ......-- 11 33 —38.0 —9.5 10 
—26.0 —10.5 185 
—7.5 —9.0 46 
+34.0 463 
+3.5 +18.0} 98 
+7.5 +30. 5 164 
+28. 5 —9.5 93 
+29. 5 +18. 5 |.....--- 185 
Mar. 20 (Naval Observatory) -...-..--- 12 38 —29.5 —10. 5 }.....-.- 46 
—11.0 —10.5 154 
+7.5 —9.5 
19.5 +30. 5 |......-- 216 
+42.0 —9.5 @ 
+42.5| +18.5 185 
Mar. 21 (Mount Wilson).............- 14 45 —22.5 +8.0 16 
—15.0 +4.0 2 
—14.0 —11.0 5 
+3.5 91 
18.0 —12.0 
25.0 33.0 472 
+32. 5 +17.0 
+63. 0 —9.5 38 
+55. 0 +18.0 41 
Mar. 22 (Naval Observatory)......-.-| 11 45| +15.0 —11.0 
+32.0 +365.0 
+33. 5 —10.0 
+44.0 +18.0 
+44.5 +31.0 
+67.5 +18. 0 185 
+69. 5 —9.0 
Mar. 23 (Naval Observatory) --~-....-.- 13 16 —44.0 —17.0 |.......- 49 
+30.0 —1L5 108 
+44.0 35.0 216 
+58.5| +17.5 
+59. 0 31.0 
Mar. 24 (Naval Observatory) ---..-..- 12 55| 
—29.0 31 
+45.0 —11.0 46 
+58.0 +34.0 154 
70.0 +30. 5 
Mar. 25 (Naval Observatory)......-.-| 11 45 —52.0 +10. 5 
—15.0 —17.0 15 
+10. 5 —9.0 
+55.0 —12.0 31 
+69. 5 +35.0 123 
85.0 17.5 
0 30. 5 
Mar. 26 (Naval Observatory) --......- 13 58) 31 
—37.5 +11.0 
—11.5 —15.0 
24.0 —0.5 62 
Mar. 27 (Naval Observatory) - -.....-- 13 24 —24.0 +11.0 
sane 02 
Mar. 29 (Naval Observatory) -~.-.....-- ll 43 
Mar. 31 (Naval Observatory) --......- 13 41 —80.0 +12.0 
—49.5 —13.5 15 
—49.0 +17.5 
—2.5 +11.0 15 


AEROLOGICAL OBSERVATIONS 
By L. T. Samvets 


With the exception of the lower levels at Due West 
and the 4,000 and 4,500 meter levels at Ellendale, all 
of the mean free-air temperatures for March were above 
normal. (See Table1.) The largest departures occurred 
in the upper levels at Broken Arrow and Royal Center. 
As a rule the resultant winds contained an excess of 
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southerly component over the normal wherever the mean 
temperatures were above normal. (See Table 2.) Rela- 
tive humidity and vapor pressures were mostly above 
normal, the largest departures of both elements occurring 
at Groesbeck. 

A conspicuous feature of the resultant winds as shown 
by pilot-balloon observations was the pronounced north 
component at 2,000 meters above San Francisco and 
Los Angeles, whereas at some 30 other stations widely 
distributed over the country an equally marked west. 
component was found at the same level. At 4,000 
meters this northerly component obtained over the 
north Pacific coast as well, the resultants at Medford and 
Seattle being the same at this level as at San Francisco 
and Los Angeles, while at stations to the east the west 
component continued to predominate. An unusually 
large number of observations reaching very high altitudes 
at Medford indicated a steady increase in the north 
component to at least 9,000 meters where the resultant 
was N. 9° W. 13.5 s. 

Two kite flights made at Due West on the ist and 2d 
were of more than ordinary interest in that they were 
made during a snowfall. On the Ist this station was 
situated in the northeast quadrant of a low-pressure 
area approaching from the southwest. The kite flight 
showed a lapse rate of 0.47° C. per 100 meters from the 

und to 900 meters above, then an inversion with a 
apse rate of —0.47°.C. to 1,500 meters, the maximum 
altitude reached. The entire air column including the 
inversion layer was saturated, the base of the St.-Cu. 
clouds being 100 meters above ground. The wind veered 
from east-northeast at the surface to southeast at the 
highest altitude. A moderate to light snowfall continued 
throughout the flight. Owing to the limited height 
reached it is, of course, not known whether the inversion 
continued to an even higher elevation or whether the 
lapse rate changed to positive and became relatively steep. 

If we assume the latter, the precipitation can be ex- 
plained by the overrunning of the warm saturated air 
within the inversion by a cold current above. Such a 
condition might obviously result in convection in these 
upper levels and in the case of saturated air produce 
precipitation as well. On the other hand it may be 
assumed that the warm air observed within the inversion 
had been forced up over the colder air lying nearest the 
oBherg This forced ascent might, of course, result in suf- 

cient cooling to produce condensation and precipitation. 

By the next morning this Low’s center lay just off the 
Carolina coast and Due West was in its west quadrant. 
The kite flight at this time showed practically the same 
temperatures and lapse rate to 900 meters above ground, 
the latter being 0.43° C. per 100 meters as compared to 


0.47° C, on the day prece ing. For the next 600 meters, 
Ww 


however, the inversion which was found on the Ist was 
now replaced by colder air wherein the lapse rate was 
0.45° C. Thus at 1,500 meters above ground the tem- 

erature was 6° C. lower on the 2d than on the Ist. 

he winds on the 2d backed from north at the surface 
to northwest at 1,500 meters above. Light to moderate 
snow fell during the ascent of this flight but before it 
ended the St. clouds had broken, revealing A.Cu. from 
the northwest and the precipitation ended. 

It seems probable that the warm moisture-laden air 
transported from the southeast, which was observed 
within the inversion layer on the Ist, under-ran the cold 
air found above 1,500 meters on the 2d, assuming the 
temperature above this level had not changed appreci- 
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ably during the two days. The precipitation ended, Tasix 1.—Free-air temperatures, relative humidities, and vapor 
however, since the source of the air changed from the pressures during March, 1927—Continued : 
low to the high pressure area. RELATIVE HUMIDITY (%) 
In this same depression it is found that 
Groesbeck on the Ist, while situated to the west of the Broken Ar-| Due West, | Ellendale, | Groesbeck, | Royal Cen- 
Low’s center, was apparently under the influence of the | | 
approaching nicH. A kite flight made at this station Wash- 
showed a lapse rate from the ground to 550 meters above, Altitude | 
of 0.98° C. per 100 meters, above which was a strong 
inversion wherein the lapse rate was —0.79° C. to 
inversion would have existed had this station been under sig 
the influence of the Low, since this condition is more 
characteristic of the front of While the tempera- 65 
Groesbeck than at Due West on the morning of the Ist & 
yet within the inversion they were several degrees higher, Vas 
notwithstanding the fact that the winds within the +3) 67) «+9 +4 42) 52] 
is easterly at Due West. - 
The highest kite flight ever made at the Royal Center 
station was obtained on the 16th when an altitude of 


5,910 meters (5. L.) was reached. This record was 
obtained between an area of high pressure to the east _ (VAPOR PRESSURE (mb) 


and low pressure to the west. a 
Surface.......| 8.3440. 10; 10.53/+0.91| 4.30/40. 45 7.05 8. 93 
8 24'--0. 07| 10, 40/+0. 93)... 6.97 8. 29 
TaBLe 1.—Free-air temperatures, relative humidities, and v«por 7. 12 6.34 
6. 57.+0. 02), 3. 57/+0.31 76 
i +0. 39) 20 1 4. 
TEMPERATURE (°C.) 1,500 6. 71/+0.91| 2. 55|-+0. 06 3. 96 5.09 
hy. 2,000. 5. 19/+-0.68| 2. 17/40. 05 3. 16 3. 68 
2,500. 3. 55/+0. 22} 2. 001-40. 23 2. 37 2. 49 
Broken Ar-| Due West, Ellendale, | Groesbeck, | Royal Cen- 3,000. 2. 02|—0.27| 1. 64/+0. 22 2.17 1, 45 
row, Okla.| 8. N. Dak. Tex. ter, Ind. 3,500 1. 56|—0.09} 1.12] 0.00 1. 85 0. 25 
(283 m.) | (217m.) | (444m.) | (41m) | (22% m,) 1, O1|—0. 0. 74|—0. 16 1. 31]....... 
Surface... 10.5) +0.5) 14,3) —0.6 +1.9| 1461424] 60/419 112 
te 10.4) 40.5) 11.1) 13.9} 5.8) +1. 9.5 
500... 89408 94) 41.7) 123/409 29/420 7.9 
7-7, 40.8) 83) 413) 11.0405 26 +1. 7.0 
6.7; 7.3| -02 -3.01 40.9 +06) 1.9] +1. 62 
5.9} +04) 66 +0.2) —26 10.0} +0.8) 1.3) +2 52 
1,500. 54, +0.6 5.6 +04) 431408 9774211) 41 
2,000... +10 3.1) 403) -6.31405 94) 422) —1.1) 41. 2.3 
22) 14,406 +031 7.2) +21) 2) 41. 0.1 
0.0 +1.7) —0.3) +1.0/-11. 5} 40.3) 40] +1.4] 421) -—26 
—1.9) +2.4) -2.9 40.8\—14 1) +03) 11) +12] -7.8| 421) 
—4.1) —17, 2} —0.1) —1.7| +1.3|/—10. 2) +2.2) 
—20.4) —0.4| —4.9] +0. 7/13. 0) +2. 
- 1 Naval Air Station, Anacostia, D. C. 
e TaBLe 2.—Free-air resultant winds (m. p. s.) during March, 1927 
Broken Arrow, Okla. (233| Due West, 8. C. (217 | Ellendale, N. Dak. (444 Groesbeck, Tex. (141 | Royal Center, Ind, (225 | Washington, D. C. (34 
a meters) meters) meters) meters) meters) meters) 
Altitude |— 
a? i Mean 9-year mean Mean 7-year mean Mean 10-year mean} Mean 9-year mean Mean 9-year mean Mean 7-year mean 
Dir. Dir. Vel.) Dir. |Vel.} Dir. Dir. Dir. Dir. [Vel.| Dir. [Vel.| Dir. |Vel.| Dir. {Vel} Dir. Dir. |Vel. 
Surface. ...|S. 18°W.| 2. 5/S. 14°W.| 1. 9/8. 0.8/8, 73°W.| 1.2|N.43°W.| 2.0/8. 11°W.| 2.0/8. | 0.9/8. 31°W.) 2. | 1. 71N.28°W.| 1. 5.N.46°W.| 1.6 
18°W. 2.5/8. 16°W.| 2.0/8. S1°E. | 0.915. 70°W.| 8. 9°W.| 2.6/8. 7°E.| 1.68. 30°W.) 2. | 1.8/N.54°W.| 2. 2\N.77°W.| 3.2 
25°W. 3.2/8. 19°W.) 3.2) S. 1.4/8. 78°W.! 3. 1IN.819W.) 1. 2. 01S. 12°W.| 4.2/8. 5°E.| 3.118. 3. 3. 4.N.77°W.| 5.0 
8. 27°W. 4, 0)S. 23°W.| 4.0.8. 37° W.| 1. 818. 75°W.| 4.3/N.80°W.| 1. 9\N.66°W | 2. 518. 24°W.| 5. 1/S. 20°W.) 3.7/8. 43°W.. 4. 6. 21N..65°W 4.0/N.72°W.| 6.1 
35°W. 4.3/8. 36°W.| 47'S. 48°W.| 3.918. 74°W.| 5. 51S. 84°W.| 2. 1'N.74°W.| 3.018. 33°W.| 6.018. 36°W.| 4.4/8. 49°W.| 4. 6. 59°W.| 4. | 6.8 
8. 5.0/8. 40°W.| 6.415. 45°W.| 5.418. 74°W.| 6.8/8. SOPW.| 3. 4.018, 40°W.| 6 81S. 45°W.| 5.0/8. 61°W.|.5. ho 
fi S. 58°W. 6.4/8. 65°W.| 5.918. 49°W.| 7. 1/8. 76°W.| 8 51S. 81°W.| 3.3/N.75°W.| 5.1/8, 39°W.| 7. 51S. 50°W.| 5. 31S. 62°W.| 6. | 8. 11N.62°W.| 5. SIN.66°W.| 8.3 
t 62°W. 7.8/8. 78°W.) 7.0/8. 58°W.| 8.9/8. 80°W./10. 8S. 85°W.| 4. 4|N.74°W.| 6.9/8. 50°W.| 7. 7/S. 62°W.| 6.5/8. 77°W.| 7. .| 9. 62° W.) 6. 81N.69°W.| 9.9 
_.|S.. 75°W.| 8& 88°W.| 8.38. 67°W.| 9. 87°W.)12. 11S. 77°W.| 6. 5/N.74°W.| 9. 1S. 47°W.| 8. 66°W.| 8. 6S. 76°W.|10. 7. 9.3 
000 S. 65°W. 10. 1|N.89°W.) 9. 7/S. 72°W.113. 81S. 88°W.|14. 3IN.87°W.| 9. 7|N.75°W.|11. 11S. 58°W.| 8.1/8. 71°W.| 9.4/8. 72°W.|11. 18. 2|N.54°W.| 9. 2.N.72°W. 
68° W.|10. 3/S, 82°W./10. 67°W.|18. 318. 85° W. 9S, 81°W.|12. 3N.81°W.|12. 81S, 72°W.|10. SIS. 74°W.112. 41S, 74°W.112. AL5, 1N,72°W 410, 6 
4,000. 77°W./13. 78°W..11. 4S, 22°W.|12. 01S. 88°W.|15. 7/S. 58°W.|15. 86°W.|14. 01S. 63° W112. 2/S. 69° W114. 1/8. 66°W.| 9. 4|N. 53° W.i11. 69° W112. 1 
4,500_ 82°W.|16. 69°W./18. W. 84° W./11. 8/8. 83°W-.|13. 1/8. 79°W.| 9. N.72°W 18. 5 
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.» GENERAL CONDITIONS 


The month was warmer than usual over the greater 
part of the United States. The outstanding feature, 
udged by its effect in contributing to what appears to 
be the greatest flood in a century in the ‘ower Mississippi, 
was the heavy rains of the month in the Ohio, Mississippi, 
and the lower Missouri Valleys, portions of which received 
from 100 to 300 per cent of the normal Mareh precipi- 
tation. The heavy rains were confined to the interior 


valleys and the middle plateau and Rocky Mountain 


regions. Large areas in both the Atlantic and Pacific 
drainage had a pronounced shortage in precipitation. 
The usual details follow. —A. J. H. 


CYCLONES AND ANTICYCLONES | 
W. P. Day 


The great HiaH, which had been developing over the 
Canadian Northwest during, the last days of 
moved slowly southeast. during the first five days o: 
March, and thereafter, until the 18th, high-pressure 
areas, were of beh intensity and largely of Pacific origin. 
Between, the 18th and the end of the month several n1eHs 
of the Hudson Bay, Alberta, and North Pacific types of 
moderate intensity were observed. There were 13 
HIGHS: in all. . 


Twenty-one low-pressure areas were tracked, but. the 
only important storm occurred during the first three. 


days of the month, a naga epee over the Gulf, which 
moved northeast along the 
with the great HIGH over the interior. 


THE WEATHER ELEMENTS 
By P. C.:Day, In’Charge of Division 
| PRESSURE AND WINDS. 


“March, 1927, had frequent changes in barometric 


pressure over the central and northern districts, but 


they were usually of only moderate importance; hence 


the winds were mainly light, ‘and the stormy, blustery 
weather commonly associated with March was notably 
lacking, not only in the areas referred to above but in 
most other districts as well. 


March opened with cyclonic conditions near the-middle 


Gulf coast, attended by precipitation over an extensive 
area to the northward, and snow was falling over the 


northern portion of the area from the middle Missouri 


Valley southeastward to the elevated districts of the 
Carolinas and Georgia. 


storm had moved to the North Carolina coast, greatly 


increased in intensity, ‘and* unusually heavy snow for 
the region and season had fallen over the southern’ 


Appalachian Mountains and. eastward nearly to the 
coast. The depths in North Carolina were particularly 
heavy, ranging up to 2 feet or more, in some instances 


the greatest, depths ever recorded: High winds accom- ' 
panied the storm as it approached the coast and much: 
rifting of snow and interruption to traffic resulted for'a 


short. period., This storm moved northeastward» into 
the ocean during the 8d, and snowfall did not extend north 


of the southern Chesapeake Bay region. The precipi- 


tation associated with this storm was generally heavy 
over the Gulf and South Atlantic States, New Orleans 
reporting more than 4:inches om the morning of the 1st. 


Rio Grande Valley on the 6th, 


tlantic coast in connection. 


the morning of the 2d the 


‘The next important cyclone near the middle 
by the 7th had moved ~ 
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to the middle Mississippi Valley, attended by local thun- 
derstorms and-some heavy rains in northern Texas and 
portions of Arkansas and near-by areas. By the morn- 
ing of the 8th the center had moved to the St. Lawrence 
Valley, and heavy rains had continued over portions of 
the area referred to above and. extended into the Ohio 
Valley and near-by areas, while lighter falls had occurred 
over most other districts from the Mississippi River 
eastward, save along the South Atlantic and east Gulf 
coasts. i 
On the 9th and LOth a slight barometric depression 
penned over the Gulf and South Atlantic States attended 
y some heavy rains, and at the same time showers with 
local snows. were rather general in the plateau region and 
to the westward. On the morning of the 11th a storm 
of moderate intensity was central over northwest Texas 
and snow was falling over much of the middle Koecky 
Mountains, and local heavy rains had occurred in western 
Kansas, the rain area extending into the southern plains. 
During the following two days the storm advanced. 
through the middle Missouri Valley to the upper lake. 


region and heavy rains occurred over extensive areas in 
At Memphis, Tenn., | 


the Mississippi and Ohio Valleys. 
the total fall on the 11th and 12th was nearly 6 inches, 
and amounts from 1 to 2 inches or more occurred at 
numerous points in the area of heavy precipitation. _ 
Some heavy rains occurred over a narrow area from 
northern Texas to the lower Lakes on the 18th and 19th. 
On the latter date a well-defined cyclone was central 


over New Mexico, whence it moved through the middle | 
orth Atlantic 


Mississippi Valley to the lower Lakes and 
coast during the following three days, attended by heavy 
rains over much of the central v 


less snow, glaze, or sleet over the northern portion of the 
precipitation area. 


The last decade had rather frequent showers in the 


central valleys and some eastern districts, but the 


amounts were mainly small, except on the last day, when 


an extensive cyclone moving from the middle platean 
was central over eastern Colorado and precipitation had 


extended well to the eastward of the center of low pres- 
sure. Heavy rains had fallen in the middle Mississippi — 


Valley, and by the morning of April 1 the storm was 
central 


areas, adding greatly to the flood conditions already 
threatening in that region. 
toward the Middle Atlantic States during the 2d, but 
with diminished precipitation. 

Over the Pacific Coast States cyclonic storms were 
markedly infrequent and unimportant, and there was 


mainly little precipitation at any time during the month. 
The most important anticyclone of the month covered 
the western plains at the beginning, and as it moved 


eastward, brought for a few days the coldest weather of 
the month to all districts from the Great Plains eastward. 
This was particularly effective in lowering the tempera- 
ture over the Gulf and South Atlantic States, where 
freezing temperature extended to the coast lines and 
into the interior of the Florida Peninsula, considerable 


dam to vegetation occurring as far south as the — 


Everglades. On account of rain and snow having 
recently preceded the change to colder weather, much 
damage resulted in the early fruit districts of the South- 
east from water freezing in the open blossoms. ' 


eys and general rains 
over most of the country to the eastward, with more or 


over eastern Missouri, attended by additional — 
heavy rains in the middle Mississippi Valley and near-by © 


This storm moved eastward © 
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A second important anticycloné ‘moved ‘into, the 
Dakotas on the 19th and brought decidedly cold weather 


over the plains region and southern districts during the 


following two or three days. This anticyelone ‘closely 
followed a precipitation area, which, moving northeast- 
ward over the central valleys, caused considerable snow, 
sleet, and glaze, as indicated elsewhere. 

Mild anticyclonic conditions existed during much of 
the month over the eastern districts, and the average 
pressure for the month was highest and materially above 
normal over the Southeastern States, and generally lowest 
in the Southwest, though the average pressure there was 
mainly slightly above normal, and it was above in all other 
districts, save locally in North Dakota and the upper 
Missouri Valley and the adjacent areas of Canada. 

Compared with February the average pressure was 
higher from the Mississippi Valley eastward and over the 
Pacific coast from contsal: California to Washington and 
in Idaho. It was lower over the Great Plains and Rocky 
Mountains and most of the plateau region. 

Local high winds were somewhat frequent during the 
first two decades, but there were few of these during the 
last third, and they were mainly absent from the 
Pacific coast region during the month. The details of 
the more important local storms appear at the end of this 
section. 

TEMPERATURE 


The unusual warmth that characterized the preceding 


months of January and February persisted throughout 


much of March from the Rocky Mountains eastward; 


indeed, over the Gulf States unusual warmth has con- 


tinued since December, 1926, inclusive: 
The month opened with decidedly cold, weather over 


the Great Plains, zero temperatures extending southward. | 


into Oklahoma and northern Texas, and. freezing, well 
toward the southern portion .of the. last-named. State. 


This cold area gradually spread eastward during the. 


following few days, carrying the line of freezing weather 
to the Gulf and South Atlantic coasts on the 2d and 3d. 
and into the Florida Peninsula on. the 3d,and 4th. 


Following this cold A piece there was a quick return to. 


warmer, and by the 5th temperatures were above normal 
over much of the country from the Rocky Mountains 
eastward, though it still continued cool for the season over 
the more southeastern districts. With occasional slight 
variations from day to day, tem 
normal almost unti 
ond decade, though over the more eastern portions unusual 
warmth continued into the beginning. of the last decade. 
Beginning with the 18th, colder weather set in over the 


ratures remained above. 
near the end of the sec- 


upper Missouri Valley and during the following two days. 


advanced southerly to the west Gulf States, freezing 
temperatures extending into western and central. Texas, 
with the coldest weather of the month over most of the 
Rocky Mountain States. This cold area moved. east- 


ward during the following two or three days, bringing . 


frosts and freezing temperatures to the central portions 
of the Gulf and South Atlantic States. . During, the 


remaining portions of the last decade the. temperatures 


were mainly lower than normal over the ‘entire eastern 
half of the country. 

From the Rocky Mountains westward the temperatures 
were mnainly below normal and there were frequent sharp 
falls over the plateau and Rocky Mountain States. No 
damaging cold occurred over the, Pacific ‘Coast, States. 

Some unusual warmth occurred over the central and 
eastern districts during the: middle and latter portions 
of the second decade, and the highest temperatures ever 
observed so early in the month were recorded locally 


referred to. 
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‘on the 16th to 18th in the upper lake region, Ohio 
Valley, and Southeastern States. | 

The warmest periods were observed in the upper Mis- 
souri Valley on, the 14th and on successive dates to the 
eastward until the 19th and 20th as the warm area moyed, 
toward the Atlantie coast, though along the immediate 
coast the highest temperatures were observed about the 
16th:to 18th. . West of the Rocky Mountains the warmest. 
dates were mainly near the middle of the last. decade. 

The coldest periods were from the Ist to 4th over the 
Great Plains and thence eastward to the Atlantic coast, 
the morning of the 3d bringing severe and damaging 
frosts to nearly all parts of the Gulf and South Atlantic. 
States and over much of. the Florida Peninsula, early 
vegetables being severely injured in the Everglades 
district. In the Rocky Mountain region the lowest 
temperatures were about the 20th and 21st, but over the 
plateau and Pacific Coast States they were mostly 
during the early part of the month. 

The average temperature for the month was above 
normal in practically all portions from the Missouri and 
Mississippi drainage areas eastward to the Atlantic 


coast and over the whole of Canada, as far as available 
ortions, from 5° 
to 10° or more above, covered the area from the Missouri 


observations disclose. The warmest 
Valley eastward to New England and along the entire 
southern Canadian border, Winnipeg, Manitoba, reporting 
a positive departure in excess of 15°. From the Rocky 
Mountain region westward the average temperature was 
mostly lower than normal, though generally to a small 


extent only, slight excesses occurring in the central 


plateau. 
PRECIPITATION 


The rainfall was fairly well distributed in point of 
time, but very unevenly as to amounts. 

In the central valleys, and notably in the States 
immediately bordering on the Mississippi River, precipi- 
tation was frequent and-greatly in excess of the normal 


for March, particularly in the middle and southern. 
portions, and at the close of the month that river was) 
above. flood stages from Cairo southward. Generally | 


speaking, precipitation was in excess of normal, but to a 


much less degree, over nearly the entire ag ee 
e 


Ohio watersheds; and in the. mi 


Missouri, an 
Precipi- 


Rocky Mountain and plateau regions as well. 


tation. was less than normal, but generally sufficient for > 


current, needs, over the east Gulf. and Atlantic Coast 


States, the month being quite dry over the middle. 
Atlantic coast section, and particularly so in portions of | 


New Jersey where it was the driest March of record. 


Precipitation was below normal in the far Southwest, 
over the Pacific Coast States, and. along the northern 


border from Washington to North Dakota. 
SNOWFALL 


The outstanding feature of the snowfall distribution: 


was the large amount received on the Ist and 2d over 
portions of North Carolina and near-by areas, which, as 
stated elsewhere, was unusual not only as to the depths 
attained but for the lateness of occurrence in the locality 


ning of April, Rapid City reporting a depth of more 

18 inches, apparently the greatest single fell of record. 
Considerable snow, sleet, or glaze occurred over the 

eastern portions of Nebraska and South Dakota and 


thence to near the southern end of Lake Michigan on the — 


19th and 20th, attended by heavy local. damage to 
overhead-wire systems. Elsewhere east of the Reeky 


Large local amounts were received ‘in the — 
Black Hills region at the close of March and the nie » 
than 
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Mountains the snowfall was mainly far less.than is differences'inthe-values at near-by points, notably in the 
usually received in March. . Rocky Mountain region, where over the northern 


In the western mountain districts the March snow was districts the pércentagés ‘were frequently far below 
mainly near the normal, and on the whole the amounts normal, while over the central portions they were as far 
stored in the high mountains at the end. of the month above. Despite the great excess of precipitation over 
gave promise of good supplies of water during thecoming the middle and lower Mississippi Valley and near-by 
summer in practically every district. where water for, areas, the humidity percentages were only slightly above 
irrigation | or power is a matter of great: risen normal and occasionally even below. 

| The atmosphere was comparatively dry over the 
ta ebiges RELATIVE HUMIDITY Florida Peninsula and portions of the Middle Atlantic 

For the country as a whole the percentages of pelative’ States, coinciding with the general deficiency of precipi- 
were above there were sharp tation over those regions. 


SEVERE LOCAL STORMS, MARCH, 1927 


The table herewith contains such data as ag been received nes severe local stor pe seer? uri thie! month, A more complete statement will appear in the / 
ual Report of Chiet of 
Place ‘Date | Widen ot] | Character of storm | Remark: Authorit 
Poly path* | | destroyed y 
and south- Severe snow and damage; interruption or | Official, U. S. Weather Bu- 
Virginia. wind. delay in travel for several days; about one-/| reau. 
! half of pea crop killed or injured. 
land to New England. ; i lown tion and a steamer grou 
County, -| Electrical. Farm home damaged... ..-.....--.- Official, U. 8. Weather Bu- 
= 4 reau. 
6| 10a. Moderate hail_.__.) Young vegetables injured. Do. 
lla, (near). ..--.---- 7| Midnight-|.........- $2, 000 | Violent wind. Farm buildings hay and fodder scat- Do. 
2a&m. | ‘ tered; trees prostrated 
9| 11:30.p, 90000 |- Buildings and oil det badly damaged___.___ Do. 
Kens. Neta- 11 | 5:30 p. m_. 33 -| 7,000 | Tornado... __...... No towns in. path; farm, buildings damaged_-.. Do. 
Hiawatha (near), Kans_.--- 11 6p. m__-.- 1, 760 3,000 | Violent outbuildings, and telephone poles blown Do. 
Wathena (near), 11 | 8p.m_-.-.-- 150 1,500 | Tornado... Barns and small Do. 
Aurora (near), ¢ p.m. 150 | Small tornado___.. Small structures and trees damaged Do. 
Memphis, get: - <4 Sores wind and flodded; trees an Tight blown Do. 
rain, own 
Indianapolis, Ind. TAM boa) 22.2 Minor property damage reported Do. 
Tennessee (western). oads damaged; many families forced to leave 
(near) to College- 7:30p.m_.} Tornado... About 3,000,000 feet of timber blown down; Do. 
ville Ark. ‘other property damaged; 28 persons injured 
‘| eattle and other livestock y  burised: 
i : path 12 miles long. 
18 | 6-7:30 p.m- 8 mi. - 150 | Moderate hail_.__. Do. 
rall Count ark: 7:30 - 8:30 | 440 24 502, 500 | Tornados. Many houses demolished, others partially Do. 
p. m. + wrecked; barns and timber damaged; live- 
Jerseyville Ill. @ miles 18 | 11:55p.m..} 1,570 | Small tornado..... A farm house. completely unroofed; path 500 Do. 
n of). eet long. 
and 20,000 | Heavy hail_...___. Many window paties’broken; roofs damaged - Do. 
wis Counties, Tenn. , 
Key Osage ‘Counties, 18 | 10 12,000 Damage chiefly confined to windows and roofs - - Do. 
Koskonong, i 200 Hail... Windows and roofs damaged; fruit injured _- Do. 
ie, , nin Moderate hail__- Glass in and residences broken... - Do. 
Kansas (southwest).......-| 1 20, 800 Damage chiefly to telephone and telegraph lines. Do. 
Jefferson, Osage, and Shaw- 1 p. § mi. 10,000 | Heavy hail___._. Roofs preyed crops not far enough advanced to Do. 
nee Counties, Kans. fj be hur 
Missouri (northern half) - - Thunderstorms, Considerable damage to roofs and windows... 
Ww 
MIlinois 19-20 |... 443 Telegraph arid’ ‘telephone companies sustain Do. 
_.. 1. heavy losses; much injury to trees. 
Bolivar, 1,000 } Thunderstorm | Houses swept from foundations... .. Do. 
nity, 
Mobile, Ala._........ 250 | Thundersquall.._./ One building Do. 
wind, 
San Saba, Tex. (vicinity of). 29 | 5:30 p. 300 Wind and hail_-_- | fruit weak Do. 
San Luis Obispoand Santa} 29 Thunderstorm ‘Windows: broken; trees of Do. 
Cartersville, 31 | 6 p. 800 |.. 1,000 | Thundersquall..__| A store, 2 oil derricks, and bh blown down; Do. 
1 person injured; path 10m jong. 
Rapia City, 200.7 Heavy snow... Roofs of several: buildings collapsed; traille ob- Do. 


1 Yards when not otherwise specified; mi. signifies miles. 
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STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


Storm warnings were issued in connection with five 
disturbances during the month, On the morning of the 
ist a disturbance of very slight intensity was centered 
near the mouth of the Mississippi River and pressure 
was abnormally high over southern Canada and the 


Feoater part of the United States east of the Rocky 


ountains. Two p. m. special observations indicated 
that the disturbance would advance to the Georgia coast 
and move rapidly northeastward with a marked increase 
in intensity. Accordingly, northeast storm warnings 
were ordered displayed at 4:30 p. m. from Beaufort, 
N.C., to Atlantic City, N. J., and at 10 p, m. northwest 
warnings were displayed from Jacksonville, Fla., to 
Savannah, Ga. The following morning the storm center 
was near Cape Hatteras, where the barometer reading 
was 29.22 inches, and at 9:30 a. m. northwest storm 
warnings were ordered north of Savannah to Morehead 
City, N. C., and northeast warnings north of Atlantic 
City to Boston, Mass. At 2 p.m. the northeast warnings 
were extended to Eastport, Me. This storm increased 
in area and intensity and became quite severe. Maxi- 
mum wind velocities of 60 miles an hour or more were 
reported quite generally along the Atlantic coast from 
Cape Hatteras to Cape Cod, Hatteras reporting 70 
miles per hour from the north, and Nantucket and High- 
land Light, Mass., 72 and 74 miles per hour, respectively, 
from the northeast. This was by far the most severe 
storm during March. 

The morning of the 8th a disturbance of marked in- 
tensity was central over the upper St. Lawrence Valley 
with a trough extending southward to the North Caro- 
lina coast, and northeast storm warnings were displayed 
at 9:30 a. m. from Cape Hatteras to Boston. Several 
stations reported maximum velocities in excess of 40 
miles per hour, and New York City reported 64 miles 
per hour from the northwest. The follewing morni 
a disturbance of moderate intensity that had develop 
over northern Mexico was centered over Georgia, mov- 
ing east-northeastward, and northeast storm warni 
were displayed at 11 a. m. from Beaufort, N. C., to the 
Virginia Capes. This disturbance did not increase in 
intensity as expected; consequently no winds of gale 
force occurred. 

No further warnings were required until the 24th, 
when a disturbance of moderate but increasing intensity 
was advancing northeastward over the ocean between 
Bermuda and the southern New England coast. At 
4:30 p. m. northeast storm warnings were displayed 
from Block Island, R. L., te Boston. The highest ve- 
locity reported on the coast was 52 miles per hour from 
the northeast at Nantucket. By the time this storm 
had reached Newfoundland the barometer had fallen to 
28.88 inches near its center. 

The last warnings of the month were displayed at 
6 p. m. of the 26th from Cape Henry to Atlantic City in 
connection with a secondary disturbance that developed 
over Maryland and Virginia and advanced eastward over 
the ocean. It did not increase materially in intensity, 
however, and no strong winds occurred along the coast. 

Small-craft warnings were displayed along the Mis- 
sissippi, Alabama, and extreme northwest Florida coasts 
on the Ist and 12th and along portions of the Atlantic 
coast on the 9th, 23d, 24th, and 25th. A warning of 
strong northerly winds for the Panama Canal Zone was 
issued the evening of the 2d. 
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Few frost warnings were required during the first 20. 
days of the month and were confined to the South At-: 
lantic and east Gulf States. The most important warn- 
ings of the month were those of the 2d and 3d. Killing 
frost and freezing temperature occurred from Mobile, 
Ala., eastward to Jacksonville, Fla., on the morning of 
the 3d, and light to heavy frost as far south as Miami th 
following morning. 

On account of unseasonably warm weather between 
the 5th and 21st vegetation advanced quite sapay and 
frost warnings were required as far north as Kentucky 
and southern Virginia by the latter date. pe 
warnings were issued during the last 10 days of the 
month; but ‘no killing frosts were reported.—C. L. 
Mitchell. 

CHICAGO FORECAST DISTRICT 


Mild temperatures, with only slight interruptions to 
cooler weather, continued throughout the month in 
practically the entire forecast district. The excess in 
temperature was considerable from the Great Lakes 
westward, record-breaking maxima, for so early in the 
season, of 76° at Omaha and 68° at Minneapolis being 
reported on the 15th, and 71° at Chicago on the 16th; 
and the only deficiency was in the extreme southwest 
portion of the district. 

The weather, otherwise, was not unusual, except for 
rather heavy in the lower Ohio, middle. 
Mississippi and lower Missouri Valleys and adjoining 
sections, resulting in some flood conditions. 

The low-pressure areas which crossed the forecast 
district, almost without exception, came from the far 
West, and in their passage the centers lay either in the 
middle or in the norther y portions of the district, with | 
the troughs extending to the south. 

Advisory messages were sent to open ports on Lake 
Michigan, on several occasions, in advance of storm 
conditions; and an especially strong warning was issued 
on the night of the 31st, when the weather map showed a 
marked storm development in the middle Missouri 
Valley. This storm moved directly eastward, and strong 
winds occurred within the next 24 to 36 hours over the 
greater portion of Lake Michigan. 

No casualties were reported on the lake during the 
month and navigation increased over the southern half 
during the closing days, due to unusual freedom from 
ice following the protracted mild weather. | 

Special warnings were sent daily to certain interests, 
including shippers of apples from the North Pacific 
States, banana interests and shippers of ink in the 
Middle West.—H. J. Coz. 


NEW ORLEANS FORECAST DISTRICT 


Moderate weather prevailed over most of the district 
during March. Cold-wave warnings were issued on the 
night of the 18th for Oklahoma, northwestern Texas, 
and northwestern Arkansas, were repeated on the 19th, 
and were extended on that date over Arkansas, the inte- 
rior of Texas, and northwestern Louisiana. On the 
morning of the 20th warnings were extended to the 
Texas coast. These warnings were verified over most of 


the territory covered and temperature fell’ decidedly | 
throughout the district. 

Frost or freeze warnings were issued for parts of the 
district on the Ist, 2d, 3d, 9th, 12th, 17th, 20th, 21st,” 
22d, and 24th; frost occurred generally in the areas 
covered, and no frost of any consequence occurred with- 


out warnings. 
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Storm warnings were displayed on parts of the Texas 
coast and small-craft warnings for the other portions on 
the 1st, 8th, 11th, and 19th, and small-craft warnings on 
the 4th, 7th, 10th, 25th, and 31st. Winds occurred 
which justified the warnings. No general storm occurred 
without warnings. 

“Norther”? warnings were issued for United States 
shipping interests at Tampico, Mexico, on the Ist and 
and 21st.—J. M. Cline. | 


DENVER FORECAST DISTRICT 


Viewing the month as a whole, there were marked 
contrasts in weather conditions over the district. In 
Montana and northern Wyoming very mild and dry 
weather prevailed, with mean temperatures from 3° to 
8° above normal; in Utah and Colorado, on the other 
hand, cold and stormy weather predominated, especiall 
in northeastern Colorado, where it was the coldest. Marc 
since 1909, and.where more than double the normal 
amount of precipitation occurred. In New Mexico and 
Arizona more settled conditions prevailed, with tem- 
perature and precipitation both somewhat below normal. 

any Lows passed eastward along the Canadian border 
and a number of active disturbances crossed the central 
portion of the district. On the evening of the 18th, a 
LOW in the southwest and a HIGH on the northeastern 
Rocky Mountain slope both having increased in inten- 
sity, with a sharp fall in temperature over Wyoming and 
northern Colorado, warning of a moderate cold wave was 
issued for southern Colorado and repeated for south- 
western Colorado on the morning of the 19th. These 
warnings were fully verified over the regions specified, 
and the cold wave extended southward over New Mexico. 
On the qtenia of the 31st, with a Low moving rapidly 
eastward over Kansas, followed by a sharp temperature 
fall in southeastern Wyoming and with mild temperature 
in eastern Colorado, a moderate cold-wave warning was 
issued for eastern Colorado. This oe was verified 
in the extreme eastern part of the State. arnings to the 
air-mail service of fresh to strong westerly winds were 
issued for Wyoming on the evening of the 6th, and for 
Wyoming and northeastern Colorado the evening of the 
14th. Frost warnings were issued for southern’ New 
Mexico on the 29th and 31st; temperatures low enough 
for the formation of frost occurred in the latter in- 
stance.—E£. B. Gittings. 


SAN FRANCISCO FORECAST DISTRICT 


Unlike February, when the area of high barometer 
normally found central off the California. coast was 
feeble or wholly absent and cyclones moved onto the 
coast in low latitudes, the month of March passed with 
this area of high barometric pressure fully organized 
and persistent, and consequently the types of cyclones 
and anticyclones experienced over the far Western 
States were radically different from those of the preceding 
month. As is usual when the anticyclone off the Cali- 
fornia coast is fully organized, the rainfall over California 
is deficient, and March proved no exception to this rule. 
Another striking feature of the pressure distribution over 
the western North American Continent and the northeast 
Pacific Ocean was the persistent high barometric pressure 
with cold weather, the coldest of the winter, over the 
Bering Sea and the “spa persistence of low barometric 
pressure over the Gulf of Alaska, whence cyclones on 
many days passed eastward or southeastward onto the 
continent, and thus frequently caused the formation of 
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secondary cyclones over the intermountain region. As 
a result of the influences of these more or less persistent 
types of pressure distribution, the month passed without 
excessive rains in any part of the district, but with 
frequent occasions demanding the issue of warnings of 
frosts and freezing temperatures, except on the imme- 
diate coast. Storm warnings were rarely required and 
then only for the Washington and Oregon coasts and the 
inland waters of Washington. 


After the 27th, the area of high barometric pressure off 


the California coast disappeared, and this disappearance 
was followed by general rains over California during the 
closing days of the month. 

In addition. to the general forecasts and warnings and 


the special forecasts for orchard heating, the district 


center issued regularly during the month flying-weather 
forecasts for, the commercial airways of the district.— 
E. H. Bowie... 
RIVERS AND FLOODS 
By H. C, 


As the great flood in the Mississippi River and many of 
its tributaries continued at the end of the month, report 
thereon will be postponed until the end of the flood in 
the extreme lower river, which will probably be about the 
end of May. 

Atlantic drainage.—Melting snows from high tempera- 
tures accompanied by moderate rains resulted in ordi- 
nary flood stages in the Connecticut River and in the 
Susquehanna River and tributaries in the State of New 
York about the middle of the month. The usual warn- 
ings were issued and the damages were small, virtually 
none in New on, and about $5,000 in New York. 
Savings in New York through the warnings were about 
$10,000. There were also moderate floods in the rivers 
of the Carolinas between March 8 and 15 for which the 
usual warnings were issued. The damage was nominal. 

East Gulf drainage.—There was a flood of substantial 

roportions in the Tombigbee River of Alabama and 

ississippi, and in the Black Warrior River of Alabama, 
following the heavy rains of March 7, 8, and 13. Warn- 
ings were issued on March 9 and supplemented on March 
13 and 14. At Demopolis, Ala., the crest in the Tom- 
bigbee River was 51.8 feet, 12.8 feet above the flood 
stage, on March 20, and the river was above the flood 
stage from March 10 to 29, inclusive. As movable 
property had been taken away preceding the high floods 
of January and February, the losses were very small, 
only about $4,900, while the reported value of property 
saved through the warnings was $24,925. 

The rivers of the Pascagoula system were also in 


moderate flood about the middle of March. Warnings 


were issued and there was no damage of consequence. 
Pearl River, of Mississippi and Louisiana, was also in 
flood much of the month, especially at Jackson, Miss., 


but again there was no loss except as occasioned by sus- 


pension of business. 

Great Lakes drai Rains from March 18 to 21 
caused moderate floods in the rivers of the Lake Erie 
drainage, but there was only some slight damage from 


overflow and seepage. Warnings were issued at the 


proper time. 

ississippit drai hio Basin.—The quite heav 
rains during the third week of March resulted in floods 
throughout the Ohio River below Louisville, Ky., and in 
all its tributaries. They were not severe except in the 
Wabash system, in the Green River of Kentucky, and 
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in the Ohio below the mouth of the Tennessee River. 
At Evansville, Ind., there was a crest of 39:9 feet on 
March 25, and one of 52.8 feet’ at Cairo, Ill., on the 
same date. There was also'a very moderaté local flood 
in the Parkersburg, W. Va., district on March 23, but 
without damage. The lower river was still in flood at 
the close of the month, and ‘further report thereon will 
be incorporated in the report to’ be made of’ the Missis- 
sippi flood. 

he tributary floods in Pennsylvania and Ohio were 
not very alarming, although there was considerable 
flooding of lowlands in Ohio, and some low-lying streets 
in the city of Sidney, on the Miami River, were under 
water. The aggregate damage was not large. Over the 
Wabash system of Indiana’ the floods’ were more pro- 
nounced, and the lower Wabash and the extreme lower 
White River were still in flood at the close of the month. 
Losses aggregated $128,150, while the reported value of 
property saved by the warnings was $53,000. 

he flood in the Cumberland River did not extend 
above Nashville, Tenn. It was well forecast, and the 
losses amounted to $218,000, of which $215,000 occurred 
at Eddyville, Ky. Money value of: property saved by 
the warnings was $25,000. 

The flood in the Tennessee River was quite marked 
from Florence, Ala., to the mouth of the river, mainl 
on account of a very heavy one-day rainfall of 3.25 to 
4.15 inches on March .12-13..' Warnings . were. issued 
promptly, and while more than 23,000 acres of land were 
overflowed, the reported losses were only $46,000. There 
was little remaining to lose after the flood of December- 
January. Savings by the warnings were given as $12,850. 

Mississippi drainage except the Ohie,—The Mississippi 
above Cairo, Ill., except at St. Louis, Mo., was in mod- 
erate flood between March 22 and 26, and at the end of 
the month the advance of another rise had reached 
Hannibal, Mo. The Illinois River, except the extreme 
upper portion, continued generally in flood during the 
month, and there were also moderate floods: in, the 
Meramec and Osage Rivers.of Missouri beginning on 
March 22 and continuing for a few days... 

The moderate floods in the White and Black Rivers of 
Arkansas between March 18 and 30 were without special 
incident, as previous floods had caused) all damage. that 
could be done except at very high stages. .. 

The Yazoo River of Mississippi remained in flood 
throughout the month. 

The floods in the Ouachita and, Atchafalaya Rivers will 
be taken up later in connection with the Mississippi flood. 

There were floods of fair proportions during the early 
days of the month in the Sulphur, River. of..Texas, and 
about the middle of the month in the Cypress River, also 
of Texas. Warnings were prompt and property valued. 
at $7,500 was reported as saved. .thereby. :.Loss and 
damage amounted to $5,300. |. | 4 

West Gulf drainage-~—-The Sabine,.River Louisiana 
and Texas was in moderate flood from March 14 to 17 
and 24 to 30, from heavy rains on March.7, 8, 11, 20, 
and 21. Warnings were prompt,.and. there, were. no 
losses of consequence. book « 

A flood in the Trinity. River of Texas, while. more’ 
marked than the Sabine flood; also unattended by 
material damage, and property valued at $8,000. was 
saved by the warnings. | 


Notr.—The ice in the Wisconsin’ River at Wausau, 
Wis., went out on March 15, marking the earliest break- 


up since that of March 10, 1857.Press dispatch. = 
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Above flood Crest 
| Blood 
River and station stage : 
From—| To— | Stage | Date 
ATLANTIC DRAINAGE 
cut: Feet Feet 
White River Junction, Vt..........-- / 19 20 15.0 | Mar, 19-20 
Hartiord; Conn. 16 17 24} 19.0 20 
Susquehanna: 
ll 14 16 15.0 15 
Binghamton, N. 14 15 15.4 15 
Tar: Greenville, N. C...------.-.-------« 4 12 
Neuse: Smithfield, N. 14 ll 15.9 Ho 
Cape Fear: Elizabethtown, N. C....-.-.- 22 8 18 27.4 Al 
Peedee: 
Chore, Bi 0 27 il ll 27.2 
Mars Bluff, 8. @ 2} 
9 17) 19.6} Mar.) 14 
tee: 
EAST GULF DRAINAGE vy 
Tombigbee: 
Aberdeen, Miss. 33 14 17 37.0 15 
Lock No. 4, Demopolis, Ala......-..-- 39 (1) 1 52.5 | Feb. at 7 
ll 29 51.8 
hickasawhay: Enterprise, Miss.......-.. 21 15 16 21.0 15 
Edinburg, 21 14 18| 15 
20; 5| 30.0 | Feb, 23-24 
13 28 29.8 | Mar. 21 
Columbia, 18} 6). 212] 16 
18.3 | Mar 
West Pearl: Pear! River, La. 18 () @) 16.4) Feb. 18 
GREAT LAKES DRAINAGE 
Fort Wayne, 15 21 1796 | Mar. 
Auglaize; Defiance, 10 21 23 | 11.6) 
Sandusky: a 
Sandusky, 13 20 15.0 
‘Premont,; li 22 23 12.0 
MISSISSIP}1 DRAINAGE 
Ohio: 
Morietta, Obie. 33 23 24 34.3 |, 23 
Evansville, Ind 35 6 37.3 
Dam No. 48, Cypress, Ind--...-..--.- 35 1 5} 36.9 
21 39.1 26-29 
Mount Vernon, 35 5 36. 0 3 
Shawneetown, Il. 35° 2 6! 
Beaver: Beaver Falls, Pa. .....--.-..---- ll 21 21 112 
Shenango: Sharon, 21 23 10:2 22 
Muski 
McConneisville, « 22 21 25 25. 8 
was: 
Gnadenhutten, Ohio__.-._..1....---- 9 20 25 15, 2 22 
Coshocton, Ohio. 20 25 17.1 22 
Walhonding: Walhonding, Ohio. 8 20 23) 142 21 
Scioto: 

Bellpoint, Ohio... - 9 20 23 31. ) 21. 
Circleville, 10 20 24} 162 2 
Chillicothe, Obie: 16 21 24 22. 1 4 

Olentangy: Delaware. 9 20 22) 149 

i: 

Stillwater: Pleasant Hill, 13 20 15.0 20 
Lock No. 4, Woodbury, 33 14 15 | 33.5 15 
21 2 | 30.4 Bi 
Lock No. 2, Rumsey, 34 13 40.6 
Bowling Green, Ky.......--.-.. 20 21 23 22,4 22 
a : 
Lafayette, il 20 26 21.1) 
ta 16 21 29 20.7 25 
Vincennes, Ind... 2:....-..- 14 21 8 19. 5 2B 
Mount Carmel, Ml_..-..-.......-.... 16 19 24.3 23 
T t Norway) Ind 6 7 8 x! 8 
- 4 Continued from last month, 1 Continued at end of month. — 
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Marca, 1927 
Above flood 
Flood | Sa8es—dates Crest 
River and station stage - 
From—| To— | Stage | Date 
White: Decker, 18 25.8 | Mar. 27 
Shoals, Ind_.-.-- 20 23 28 26.6 26 
White, West Fork: 
Anderson, Ind_._......--- 22} 17.8 21 
Noblesville, Ind__..--.. “4 20 22 18.1 21 
Indianapolis, 18 21 2 19.2 
Elliston, Ind..-.- 19 19 28.1 
Edwardsport, Ind... ..........--. 15 20 29 20.0 d 24 
Clarksville, Tenn 46 13 17 15 
Lock F, Eddyville, Ky__----22.....2 87 16 23 8 18 
Tennessee: 
Widows Bar Dam, 26} 29.7 | Feb. 27) 
10 13| 20.0] Mar, 12 
ll 19| 443 14, 
Savannah, Tenn 40 14 18 43.0 ‘15 
Johnsonville, 14 22 36.3 16 
Elk: Fayetteville, Tenn____._----------_- 4 9 9} 15.4 9 
Mississippi: 
Louisiana, Mo... 12 21 23 12.9 22 
Cape Girardeau, Mo.......-..--...-- 30 21 21 33.3 24 
Cottonwood Point, 34 
Memphis, Tenn_......-......-.....-- 35 18 41.4 30 
Arkansas City, Ark...........--. wees 48 ®, 1 51.8 | Feb. 17-19 
Natchez, 46 1 
Baton Rouge La 35 i 
Donaldsonville, La_.....-... 28 1 3) 
New Orleans, 17 1 2) 
Spirit: Tomahawk, 14 18 18 | 14.7 18 
ois: 
13 13.0 | Mar.26-27 
eramec: 
Valley Park, 14 20 23 17.0) 
Bourbeuse: Union, Mo....-.- 21 22 13.7. 
St. Charles, 21 21 25.3 21 
20 21 23| 21.4 22 
Warsaw, i 22 20 25 28.6 
Tuscumbia, 25 19| 27) 82.4 23: 
Neosho: Oswego, Kans__....... 17 20 22 20. 1 21 
Danville, Ark... 20 19 3) 2.1 20. 
Batesville, Ark. 18; 238 
» Ark... 22 22} 31 22.9 
Poplar Bluff, Mo-_.............-...-- . 14 19 22 14.8 19 
Corning, Ark..__.... 14 13.6) 23 
. Black Rock, Ark_.... 14 18 19.9 
Cache: Patterson, 9 21 10. 5° 
Tallahatchie: Swan Lake, Miss. ...._._.. 25 1) 7 31.1} Jan. 7-9 
10 31.8 | Mar.» 22: 
Sulphur: ry 
Ouachita: 
Arkadel; Ark 18 8 18. 6 
WEST GULF DRAINAGE | 
Sabine: Logansport, La. ¥ 25.8 16 
24 26.9 26 
Trinity: 
7 11| 31.6 9 
Trinidad, Tex_........ wes 5 18 | » 
"Long Lake, 17 19, 40.4. 18 
Trinity; Elm Fork: Carrollton, Tex..i:..0 7| 2) 2} 


1 Continued from last month. 
Continued atend of month. 
* Below flood stage at 8 a. m., Mar. }. 
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»-o MBEAN LAKE LEVELS DURING MARCH, 1927 
By Unirep States Laxe Survey 
(Detroit, Mich.; April 4, 1927] 


The following data are reported in the Notice to Mari- 
ners of the above date: 


—— 
Lakes ! 
Data Michigan) 
ie Superior} and Erie Ontario 
Huron 
Mean level during March, 1927: ‘eet Feet eet Feet 
‘dove mean sea level at New York---_-_- 601. 31 578. 48 571. 10 245. 71 
Above or below— 
Mean stage of February, 1927_....__- —0.01 +0. 23 +0. 13 +0. 40 
Mean stage of March, 4 +0. 94 +1. 08 +1. 57 
Average stage for March, last 10 ' 
Highest recorded March stage....-..| —LOl —4.47 —2, 75 ~2.10 
Lowest recorded March +1. 12 +0. 94 +1, 08 +1. 57 
Ayenas departure (since 1860) of the March 
level from the February level —0. 10 +0. 15 +0. 18 +-0. 26 


1 Lake St. Clair’s level: In March, 1927, 573.17 feet. 


EFFECT OF WEATHER ON CROPS AND FARMING OPER- 
ATIONS, MARCH, 1927 


By J. B. Kincer 


General summary.—Precipitation was rather frequent 
the first decade. over the East and Southeast, 
attending the passage of several storm areas, but follow- 
ing these much colder weather overspread these sections 
with freezing temperatures extending to the east Gulf 
coast. Temperature changes were not marked in the 
western part and precipitation was largely of a local 
character. Widespread rain or snow occurred in the 
Southwest during the second decade, with genera! rains 
throughout the interior. It was rather warm for the 
season in the East about the 18th, with widely scattered 
stations reporting the highest temperatures of record for 
so early in the spring. At the same time it was consid- 
erably coolér over western districts, with a marked fall. 
in temperature over the Southwest o1 the 20th. A 
reaction to cooler set in over eastern sections during the 
last week, and in western States the tendency was still 
to rather low ‘readings, ‘although conditions were more 
seasonable. Precipitation was rather frequent durin 
the latter part of the month over the central valleys an 
the lake region, and during the last week general rain or 
snow occurred over northern areas east of the upper 
Mississippi Valley. 

The frost and freezing temperatures that overspread 
the Southeastern States early in the month, while not un- 
usual for the season, caused considerable damage to early 
fruit bloom, and some harm resulted to tender vegeta- 
tion. The frequent rainfall and cold weather made con- 
ditions rather unfavorable for field work in much of the 
South, and plowing and planting were not very active. 
Some cotton was planted in the southwestern part of the 
belt. and a little corn was put in as far north as south- 
eastern Oklahoma, but in much of the interior valleys 
the soil continued mostly too wet for field operations. 
Fruits continued their unseasonable advance, with the 
earlier varieties blooming as far north as southern Mis- 
souri and the lower Ohio Valley. 

Much interruption to field work was reported during 
the second decade, although conditions became more 


favorable toward the close, with preparations for plant- 
ing in the Cotton Belt advancing fairly well, but in por- 
Except 


tions of the Northwest it remained too wet. 
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where the soil continued too wet from previous heavy 
rains, preparations for spring, work made good progress 
in most areas during the last decade, and seasonal opera- 
tions were well advanced in the Atlantic Coast States, 
the South, and the Great Fiains, with some potatoes put 
in as far north as Long Island. and eaters oats 
seeded northward to southern Nebraska. 

Small grains —In the western Wheat Belt rain and 
melting snow furnished abundant moisture during the 
first part of the month and the crop made satisfactory 
progress generally, except in some west-central Plains 
sections. Some Dideers grain was in poor condition 
locally in the Ohio Valley, but rains and snows during 
the second week were favorable over the Great Plains 
region, while cereal crops made good advance in the 
South. Winter grains made material growth during the 
last. decade and soil conditions were very eens: due 
to abundant precipitation. In parts of the Ohio Valley, 
however, the soil on lowlands had been too wet and there 
was some local complaint of yellowing. Oat seeding made 
slow advance in the central valleys, due to wet soil, but 
considerable oats had been seeded to southern Nebraska 
at the close of the month. 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


March was an unusually stormy month over the greater 
part of the North Atlantic. Over the steamer lanes the 
excess of oan with heavy weather was not confined to 
any particular region, but the number of days. with 
e was above the normal along nearly the entire route 

rom New York to the British Isles, although the weather 

over the eastern part of the southern lane was somewhat 
less. turbulent. any of the disturbances were very 
severe, and winds of force 11 and 12 were not uncommon, 
as shown by storm reports in the table. 

Fog was unusually prevalent along the American coast 
between Hatteras and Nova Seotia, where it. was reported 
on from 8 to.12 days.. The number of days with fog 


over the Grand Banks was considerably below the normal; 


it was observed on 3 days in the Gulf of Mexico, on 5 days 
in the square between the fortieth and forty-fifth parallels 
and the twentieth and twenty-fifth meridians, and on 
from 1 to 3 days in the vicinity of the British Isles, while 


the greater part of the steamer lanes was practically clear. 


TaBLe 1.—Averages, departures, and extremes of atmospheric 
pressure at sea level, 8 a. m. (seventy-fifth meridian), North 
Atlantic Ocean, March, 1927 


Stations Average Dear |Highest| Date |Lowest| Date 
Inches | Inch | Inches 

Julianehaab, 229.42 (*) 20.93 | 9th..._| 28.87 | 22d: 
Belle Isle, 29.83 | +0.03 | 30.30 | 25th...| 29.20) 16th. 
30.05 | +0.15 30.50 | 29.32 | 9th. 
Nantacket. 30.08 | +0,08 | 30.52 | 29,56 | 8th. 
30.13 | +0.10 | 30,42 | Sth....) 29.22 | 2d. 
Kew Watts, 384-40 30. 10 | +0.07 30.30} 5th....|. 20.94) 22d.4 
30.12 | +0,09 | 30:42 | 3d_._..| '29,92 | 9th. 
29.94 | —0.04 | 30.08 20.88 | 13th.‘ 
Turks Island........._.. 30. 12 | +0.10 |. 30,22 | 5th * 30.00 3d. 
30.15 | +0.12 | 30.42 | 13th‘_| 29.56 | 3d. 
Hovéa, 30.21 40.09 | 30.64 | 4th....} 209.80) 19th. 
Lerwick, Shetland Islands... ....... 29.58 | —0.12 | 30.34 | 13th...) 29.00 7th. 
Valencia, Ireland 29.65 | —0.25 | 30.30) 12th.__| 28.59 | 25th. 
29.96 | —0.22 30.36 |, 16th...) 28.87 | 25th. 


1 From normals shown on H. O. Pilot Chart based on observations at Greenwich mean 
of 22 observations: days missing 
No normal established. 
‘ And on other dates. 
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Ranges, pastures, and livestock —Pastures made good 
progress in the South during the month, and at its close 

ass was greening to the central portions of the country. 
Vewestonk continued) to range freely over the northern 
Great Plains, with a consequent saving of feed. Pre- 
cipitation over western grazing districts was very bene- 
ficial for the range, but caused some suffering of livestock 
during the last half. The weather was mostly favorable 
for lambing the latter part of the month, but previous 
conditions had caused some suffering. 

Miscellaneous crops—The frost that overspread the 
Southeast early in the month caused considerable dam- 
age to truck in Georgia and slighter injury elsewhere; 
acai measures saved a large acreage of truck in 

orida. Potato planting advanced fairly well during 
- a and at the close was beginning on Long 

and. 

Although considerable injury to fruit was first reported, 
the harm, in general, was rather less than at first indi- 
cated. Fruit continued to advance considerably ahead, 
of an average season, with early varieties blooming to the 
lower Ohio Valley, but the cooler weather the latter part 
of the month was favorable in checking too rapid progress. 


On the Ist there was a shallow depression in the’Gulf 
of Mexico that afterward developed into a severe dis- 
turbance as it moved northeastward along the American 
coast, as shown by Charts VIII to XI, that cover’the 
period from the 2d to 5th, inclusive. These charts also 
give an idea of the disturbance over the eastern section. 
of fe "aipnag that was especially well developed on the 34 
and 4th. 


From the 6th to 14th there were few well-defined 
disturbances of any great extent or intensity, although 
during this period a number of vessels in various parts of 
the ocean reported gales, while moderate weather pre- 
vailed over large areas. 


On the 15th an area of low pressure was over New-’ 
foundland, and a second Low central near 50° N., 25° W. 
On the 16th the center of the western Low Was near 
St. Johns, Newfoundland, and the eastern near 46° N.,: 
18° W.; they had both increased in intensity, and westerly . 
winds of force 9 to 11 prevailed over the region between’ 
the fortieth and sixtieth meridians, north of the fortieth 
parallel, while moderate to strong gales were also en- 
countered east of the twentieth meridian. By the 17th 
the western Low was central near 47° N., 37° W., and 
the storm area extended from the thirty-fifth to the 
fiftieth parallel and the thirtieth to the fiftieth meridian. 
The eastern Low of the 16th had apparently moved east- 
adually filling in, as on the 17th moderate weather 
prevailed east of the thirtieth meridian. 

On the 18th the conditions were much the same as on 
the previous day although the storm area was somewhat 
less in extent. 


On the 20th a depression of limited area was central 


_ near 44° N., and 40° W.; this moved slowly eastward, 


and on the 27th was off the north coast of Scotland. 
During this period gales were prevalent over the middle 
and eastern sections of the steamer lanes, the storm area 
varying from day to day in extent and intensity. 

On the 24th a slight depression was in the vicinity of 
Bermuda; it moved northward, increasing in intensity, 
and on the 25th, when central near 37°. N., 68° w. 
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strong gales swept the region between the thirty-fifth A slight that’ on ‘the 29th was central near. 
and forty-fifth parallels, west of the sixtieth meridian. 37° N., 57° W., moved eastward, and on the 3ist was 
On the 26th and 27th:thestorm area extended as far near 40° N., 50° W. During this period winds of force 
east as the forty-fifth nares = disturbance reaching 7 to 9 prevailed near the center of the Low. 
its greatest intensity on the'26th. vii 
On the 28th and 29th the central portion of the ste 
lanes was covered by a Lowj\and westerly winds of force 64 March 28, observed a heavy hail squall. ‘ 
7 to 10 occurred over'the southerly quadrants. 


ei OCEAN GALES AND STORMS MARCH, 1927 


Position at time of Diree- |} Direetion Direc- 
ty lowest barometer Time-ot Low- | tion of | and force tion of | Highest Shifts of wind 
Vessel Gale loweat Gale | est | wind | of wind | wind force of of 
To e of lowes’ e rection 
NORTH ATLANTIC 
OCEAN 
Jomar, Am. 8 ‘Pensacola....| 25.51 Ns |; 83.04.W.| Mar. 1.) 10 p., Mar. 3.| 29.94.|. WSW..| WSW., 7..| N......| —., 8......| WSW.-WNW, 
Steel Navigator,Am.5.S_ New Pore Colon. ...---- 36 O7N.| 74 07 W. 2.) 3.| 28.92) NE.._-| N., 12..__.| NW....| N,, 12.___. E,-N; 
allier, Belg. S. Antwerp.....} New York...) 40 37 N.| 70 05 W. 2.| 11 p., 3.| 29:48) NEw...) N., NNE,, 11.) NE“-NNW. 
Sae City, Am. 8. 8. do 10N.| 30 45 W. 1| Noon, 90. 64,| 8.....-. SW., 12...| NW....| SW., 12...| SW.-WNW. | 
Conte Rosso, Ital. 8. S__| New York.._| Naples....__- 39 50N.| 58 45 W. 44.,8.._.. 4_| 29.03 | ENE_ —.j 88W 8., Steady. 
Iroquois, Br. 8. Lomdon....._ 45.20N.| 3200W.}>  3.| ll p.,3.--- 4.) 28.91 N.-NNW. 
Eglantine, Am. 8. Avonmouth. Boca Grande, | 49 01.N.| 11 25.W. | 3.| 3p. 3..... 5.| 29.46 | SW., NNW_| sw-wesw. 
Aral, Br. 8. Rivet Tyne. New Orleans.) 49 48N.| 7 50 W. 2.j 4a., §..... 9_| 20.23. SSW...| NW., —...| NNW..| WNW., 10) WSW.-NW. 
Innoko, Am. 8. otterdam...| New York...| 4418N.| 50 03 W. 9_| 11 p., 29.67 | SSB__..| Wi SSE., 9...) Steady. 
Rlzasier, Belg. 8. Antwerp...-.|..-.. 49 28N.| 13 30 W. 9.| 2p., 10.| 29.97 | NNW..| NNW.,—.| NNW..| NNW., io. 
Davisian, Br. 8. S..----- yerpool....| Boston......- 46 30 N.| 39 02 W. 12. 4p. 30.02 W.| WNW.,9.| NW.,9....| WNW.-NW. 
Bolivian, Br. 0.......| New Orleans 45 10N.| 22 00'W. 15.| Mid’t, 15..| . 165] 28078 | NW. NW...) NW..1d...| NNW. 
City , | Rotterdam...|..... 45 40N.| 15 00 W. 6 a., 16. ... 16.| 29.06 | SSE...) SW., 10..... WNW.| —., 10... SSE.-WSW., - 
m. 8. 8. 
Elzasier, Belg. S. Antwerp.....| New York...| 44 47N.| 42 25 W. 15.| 8a., 17.... 18.| 28.97 | SSW...| W., —.....| WNW.| WSW.,.12. 
West Arrow, Am. 8. 0......-| Boston....... 43 32N.! 41 46 W. 19.| 1 p., 20.... 21-| 29.10 | WSW..| NW.,9....| NW., 11...) SW.-NW. 
Saco, Am. 8. 8.....--.-- Maneliester! "| 49 10N.| 16 23 W. 20-| 3 p., 20.... 24_| 20.25 | SW....| WSW.,9.-| W...... W., 10..... 8.-WSW. 
Asuncion de Larrinags, Liverpool.....| 2316W.|, 18438, 25.|, 29.06 | S......- WSW.,7..| NW....| NW,, i0...| W.-SW. 
r.5. 5. 
Mijdrecht, Du. S. 8.2...) New York...| 45 20N.| 35.55 W. 8 a., SW....) SW., 8.0.) NNW._| NW., 10...| SW.-W. 
Arundo, Du. §. §.....---| Rotterdam...| Gulfport... 48 08.N.| 10 48-W. 9 a., 23.-.. 27.| 29.18 | SW._..| WSW., —.| NW....| W., 10... 
Colonian, Br. 8. Halifax Fastnet. | 49 27N.| 33-02 W. 8p., 24... 25.| 29.48; WNW.) WNW.,10| WNW._| NNW., y. 
Am, 8....- blanea,..| New York...| 37 14N.|, 68 53 W. 26_| 29.08 | N...... N.-NNW 
Savoia, Ital. 8. 38 30N.| 65 38 W.|. p., 26... 26.| 28.92 | | NNW.-N 
Miinchen, Ger. 8. 8..-.. 51.06N.| 15 51 25.... -| 28.68 | SSW...| NW....| W., W.-WNW 
E. M. Clark, Am. S Canal Zone__| 36 33.N.| 68 02 W. 24.| 7 25... 26 29.17} SSB., 7...) NW....| W., 12.-... 
Conte Rosso, Ital. 8. Na New York.__} 41 51 45 W. 26.| 8 p., 26.._- | NNW_.| S., 10....__ 
Albert Ballin, Ger. do. ......} 48 13 N. | 00 W. 29.| Noon, 29. 30.| 29.80 | WSW..| WSW..9..| W...... WSW.,9..| WSW.-W 
Chincha, Am. 8. 8 37 0ON.| 61 00 W. 30.| 30... -| 29.93 | SW... NNE..| NNE., 10.| SW.-W.-NNE 
Nieuw Amsterdam, Du, 7 48°W. 81_| 7 p., 31....| Apr. 1.| 29.61 | SW_...| W., 10...... NNW..| NW., io... 
NORTH PACIFIC 
Rupsia, Br. 8. 8..| Yokohama...| Victoria_.....| 46 26.N.| 168 27 E. 1.) Mat. 28.74 
Java Arrow, Aun. 8.8. Francisco. boa....-.. 14 96 00 W. 4 Dep 3.| 29.94 = 
Maru, Jap. okohama._.| Victoria...._. 49 00 N. | 160 00 W. 8., 5.) 28.55 
Stanley, Am.)S. S.....-- Honolulu...) Kobe........- 32 08 N./} i4i 42 E, 7p., 4.-... 5.| 29. 50 
Unkai Maru, Jap. 8. Muroran..:.. Portland... .. 49 O1N.| 146 47 W. 4.) 4p.,4..... 6_| 29. 09 
Memphis City, Am.S8. 8.) San. Pedro....| Yokohama...) 32 44 N.| 147 00 2 p., 5..... 5.| 29.17 
Oak Park, Am. 8. Honolulu... .| Kobe......._- 30 34.N.| 150.10 4p., 6.|, 29.47 
West Hixton, Am, S. 8. Shanghai...../ San Francisco) 45 36 N.} 173 41 E, 7.2.2. 7.| 28.92 
do.......| 46 50 N.| 172 50 W. 9] 2p.,9..-.. 29.36 
Silvercedar, Br. S. S.....| San Pediro..... Yokohama._.| 33 45.N_| 142 15 B. 0.) 4a., 2.25 | 8.......| 8W., ll... NW-....| SW.,1i..... WSW.-w. 
Harold Dollar, Br. 8. S..| Karatsu.....-. San Francisco) 46 45 N.| 144 30 W. 10 10... 20.27) GW WSW..| 10....| Steady. 
Stockton, Am. 8. 8..-... Honolulu... .| San Pedro....| 29 30 N.| 141 50 E. 11_| 9a., 11___- 11_| 29.85 | W.....- WNW., 8.| NNW_.| W.-WNW. 
Protesilaus, Br. 8. 8.....| Yokohama...| Victoria... 37 30N.| 145 50E.| 11.1. 3p., 14_| 29.22.| W......| NW....| NW.,9.... NW j 
Akagisan Maru, Jap. 8. San Franciséo| 44 50 N.| 167 15 W. 12.) 8a., 992) 20.51} 8.-88W 
Grace Dollar, Am. 8. 41 37N.| 146 45 E. 12.|. Mid’t, 12. 27.1 WNW.).NW,, 7...) NW....| NW. 10._.| Sieady 
Chickasaw City, Am. | Yokohania...| Shanghai... 43 40 N.| 169 10 W. 17.) Steady. 
Maru, Jap. | 48 50.N. | 150 37 W 18.) 6a., 18... /18_| 29.46), SSW..:| SSW.,:7.._| W......) SW.,8..... 
Do.. 48 06 N 138 50 W. 20. 44a,, 20. 29 87 | W, SW. SW., 
Lubrico, Am. 8. 8......- Baltimore...-| San Franciscol 32 48 N.| 119 40 W. =,, 19. NNW_| NW,,9....| NW-NNW, 
China Arrow, Am. S. 8..} Surabaya. do... ....- 43 10 N:| 158 45 23.) 28.76 | NE....| SW., 5....) WNW.,, 12] 'SSW.--W 
Las Vegas, Am. S. S.....| Otaru.......- 42 25N./ 172 20K, —, §.-3W 
City of ancouver, Can. | Yokohama..-| Victoria......| 42 158 56 21_| 6p., 22.|'2861'| Wsw.,6._| W, 11... $.-WNW 
Pres. Lincoln, Am. 8. 8. San Francisco Manila 47 30N. | 170 00 E. 2.91 | SSE..._| 8., SE.-SW 
Robert Dollar, Can. 9, San Francisco| 4905 N.| 171 44B.| 8 a., 2895 | ENE__| 8. Wy Vatiable 
West Calera, Am. 8. 8 ..| 37 13.N.| 147 00 29.16 | SE....- W.,12...| NW_.... NW,, 12._-| NE.-N 
Makena, Am. S....i.. Franeisco| 35 48 N. | 129 45 W Be 4a., Bui. «| 20.90 | NW...2 NE NW-N 
Tahchee, Br. 8. S.....__. Shanghal’ San Pedro....| 40 00 N.| 167 30 W. -| 8 a., 29-| 20.80 | NNE_.| NNE.,7.... NNE_.| NNE., 8..| Steady 
Waiotapu, Br. 8. Neweastle....| Vancouver..-| 33 34.N.| 148 30 p.. 28... 29.56 SE...) ESE...) 
pitts 
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NORTH PACIFIC OCEAN 
By E. Hurp 


The Aleutian Low, having in February dominated the 


weather of the North Pacific far:down into middle lati- 
tudes, receded northward at the close of that month, and 
ractically throughout March hung over the. higher 
atitudes, being central most of the time over the north- 
western part of the Gulf of Alaska. At the same time, 
the North Pacific n1cH largely covered middle latitudes, 
having regained the position it lost in February. As a 
result of these pronounced changes in pressure distribu- 
tion gales moderated considerably in force and frequency 


over the entire upper reaches of the ocean east of the 


one hundred and eightieth meridian, where storminess 
was much less than during any previous month since No- 
vember. 

The pressure at Dutch Harbor underwent a remarkable 
change. Its average reading for February was 29.19 
inches, which is the lowest in recent years. In March 
it rose to 29.85 inches, which is the highest reading for 


‘the month during a similar period. At St. Paul the 


pressure in March was more than one-quarter inch above 
the normal, while at Kodiak, the center of lowest pressure 


this month, it was nearly as much below, thus establish-— 


ing remarkable pressure gradient over Bering Sea. 
he following table illustrates the pressure conditions 
at various stations in west longitudes: 


TaBLE 1.—Averages, departures, and extremes of atmospheric 
pressure at sea level at indicated hours, North Pacific Ocean, 
March, 1927 


Aver- | Depar- 
Station Date | Lowest] Date 
sure | normal 
Inches | Inch | Inches Inches 
29.85 | +0.11 30.34) 29.38) 4th.é 
30.03 | +0.28 30.52 16th...| 29.38 | 22d. 
29.52 | —0.23 | 30.36 | 30th.._| 28.86) ilth. 
Midway Island ! 30.15 | 30.28 10th*._| 29.90) 8th. 
30. 0.00} 30.19 Ist._..| 20.79 | 28th. 
un 29.75 | —0.19 | 30.26 | 22d__ 28. 94 | 7th. 
Tatoosh Island 30. +0.08 | 30.52) 22d_. 29.48 | 30th. 
San Francisco ? 3__..-...2.2.-.-..20. 30.08 | +0.03 | 30.31 | 15th. 29. 78 | 9th. 
30.04 | 30.20) 12th. 29.76 | 10th 
1 P. m. observations only. 4 30 days. 
2 A. m. and p. m. observations. 5 And on other dates. 
Corrected to 24-hour mean. 


The atmospheric pressure in the Far East was much 
like that of February, except that the continental HIGH 
showed distinct evidencesof breaking up with the approach 
of spring, in that an increasing number of cyclones and 
depressions had origin over eastern China or off the 
immediate coast. No less than five storms, three of 
which may be characterized as of major importance, 
moved out of this area. 

The storm of the 2d to 6th formed east of Taiwan 
moved northeastward, and disappeared a few hundred 
miles east of central Japan. On the 4th and 5th it 
caused gales over a considerable stretch of sea southeast 
of Honshu, culminating in a northwest hurricane on the 
5th, as reported by the American steamer Memphis City, 
which rode out the full force of the storm during the 
afternoon, minimum pressure 29.17 inches. This storm 
will be classed undoubtedly as a typhoon. 

The four succeeding storms were of continental origin 
having nearly the same source over eastern or central 
China. That of the 7th to 14th moved rapidly seaward 
and crossed the Japan Sea during the 8th and 9th, 
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causing moderate to strong gales along most of. the 
eastern and western coasts of the archipelago, . From 
the 10th to 12th it moved northeastward across: the 
Okhotsk Sea to Kamchatka, crossed. the interveni 
space to the western Aleutians during the 13th, an 
joined with the Aleutian Low over the Gulf of Alaska on 
the following day. A secondary to this cyclone caused 
violent gales southeast of Honshu early on the 11th. 

A disturbance of briefer existence left China on the 


'» 11th and disappeared at sea in middle latitudes on the 


14th, after causing some rough weather over the Eastern 
Sea and the south coast waters of Japan. 

The storm that cleared the continent on the 18th moved 
along the southern coast of Japan on the two following 
days. On the 20th it rapidly gained in energy, and on 
the 21st caused hurricane winds over a considerable area 
central near 43° N., 159° E. On the 22d, continuing 
violent, it crossed to the western Aleutians, with whole 

ales to storm winds blowing along its southern quadrants. 
t crossed Bering Sea on the 23d, and died out over the 
northeastern part of the Gulf of Alaska on the 24th. 

The last Chinese storm of the month left the continent 
on the 22d, and became violent east of Japan on the 27th, 
on which date the West Calera encountered a northwest 
hurricane in 37° 13’ N., 147° E. | Thereafter the storm 
diminished and disappeared, apparently in the Aleutian 
area. 

No gales exceeding force 10 were reported from the 
sea in west longitudes. The moderate to strong gales 
that did ‘occur over this vast region were mostly en- 
countered along the upper steamship routes. At points 
on the Washington coast there were heavy gales earl 
in the month, the Weather Bureau station at Tatoos 
Island reporting a 64-mile wind from the southwest on 
the Ist, and a 65-mile wind from the south on the 5th, 
while the station at North Head had a 63-mile wind from 
the south on the 7th. At Juneau, Alaska, the maximum 
wind velocity was at the rate of only 32 miles an hour, 

et the average hov~ly velocity, 9.7 miles, showed the 
ighest wind movement on record here for March. 
he weather in southern latitudes was quiet for the 
most part. A norther of force 9 occurred in the Gulf of 
Tehuantepec on the 3d, and strong winds to moderate 
_— were experienced by the British steamer Wairuna 
rom the 6th to the 9th between the Equator and the 
Hawaiian Islands. These were easterly as a rule and 
were unaccompanied by pressure changes. 

At Honolulu the maximum wind velocity was 35 miles 
from the northwest on the 22d. The average hourly 
velocity was 9.8 miles, and the prevailing direction from the 
east. The total rainfall was 6.67 inches, which is 0.47 inch 
above the normal. Of this amount 3.94 inches fell within 
24 hours on the 22d and 23d. The first hail ever recorded 
by the Weather Bureau at Honolulu since its establish- 


ment in 1904 fell here during a thunderstorm on the 23d. 


Fog diminished along the American coast since Feb- 
ruary, but increased somewhat over the open ocean to the 
westward. The B ahve so fog area lay between 35° and 
50° N., 130° and 170° W., where it was observed scat- 
teringly on 13 days. There were three days with fog 
northwest of Midway Island, and a few days with it east 
of Japan. On the 2ist the American steamer China 
Arrow had dense fog from 8.30 a. m. until 2.30 p. m., 
following upon heavy rains near 43° N., 157° E. hen 
the fog cleared it was followed by more rain and by in- 
creasing winds which terminated in hurricane velocities 
late in the evening. Fog occurred south of Hongkong 
on the 7th to 9th, and was reported up the coast on the 
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12th. March is the month of most frequent’ fogs in Madagascar’on March 1, other than those furnished to 
lower Chinese waters. the press, which state that a terrific storm devastated 

On the 24th the American steamer West Holbrook, the port of Tamatave on that day. The harbor was 
in 42° 15’ N., 144° 56’ E., reported ‘‘ice floes in great wrecked and all steam and sailing vessels within it were 


quantities, but of small size. Temperature of sea and destroyed, while several hundred lives were reported 
air, 30°.” lost. A tidal wave added to. the destruction within the 


A MADAGASCAR CYCLONE city, and caused great losses along many miles of the 

: coast. Wireless messages from vessels told of the inten- 

The Weather Bureau has no reports as yet concerning — sity of the storm at sea. The island of Reunion was later 
the tropical cyclone in the Indian Ocean which struck — reported as swept by the cyclone.— W. E. H. 


CLIMATOLOGICAL TABLES' 
CONDENSED CLIMATOLOGICAL SUMMARY 


1 the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. me | 

Condensed climatological summary of temperature and precipitation by sections, March, 1927 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 
°F. °F. In In. In. In. 
Alabama. 57.0 | +0.9 18 | Valley 19 23 || 4.89 —0.86 | 0.97 
52.3 | —0.7 tzsite_ 25 | Fort Valley. .....--- 12}| L115 | =—0.01 | Natural Bridge-...-- | 0. 07 
Arkansas... 53.5 | +0.8 | 3 stations_.._. 219 5 3 7.24 | +2.50 | 15.70 | Magnolia 2. 65 
California..... 50.4 | 27 | Helm —13 10 2.62 | —1.18 | Crescent 10.25 | Greenland Ranch-...| 0.00 
32.6 | —1.8 | 2 stations. Hermit._....- —36 | 20 1,82] +0.53 La Veta 6. 42 | 6.10 
65.7 0.0 | Brooksville_......... 91 | 216] 73 | 2.38 | —0,52) Bluff Springs.-....-- 5.16 | Miami Beach 0. 54 
58.2 | +1.5] 91 18 | Blue 14 3.15 | —1. 64 | Clayton..........--- 6.32 | Bainbridge... ....... 1.01 
35.9 | +0.1 79| 1.22] —0.29} 4.07 | Geneva... ........-..- 0. 20 
44.4 | +3.8 | 78 19 | Mount Carroll...... 10 4,60 | +1.39 8. 07 1. 56 
4 44.0 | +3.3 | 78 19 | 12; +0.83 | 9.96 | Notre Dame--......- 2,02 
39-6 | +4.9 | 75 16 | 0; 1.92) +0.17| 3.64 | West 0. 62 
43.2 | —0.4 | 3 15 | 1 || 2.84 | +1.44| 40.09 | 0, 51 
Kentucky 48.4 | +2.0| Williamsburg 20 | 10 3 || 6.047 1. 201 2.36 
Louisiana... .....-.--- 61.1) +0.4 | 3 stations__.........- 87} 219] 2stations._... 2 | 72.39 | +2.72| 12.40 | 3. 16 
Maryland-Delaware.-. 45.4 +2.8 ancock, | 84 17 | 2 10 4 |} 1.75 | —1.91 | Grantsville, Md____- 3.19 | Ferry Landing, 1. 21 
Michigan... 35.7 | +6.0 3 stations_.__..- 73 | 216 | 11} 2.00} +0.18 | 3.62 | Tron River (near)...| 0.21 
31.9 | +5.8 | 213 | Itasca State Park. _|—22 2 1.52 | +0.36 | New 3.82 | Hallock............- 0. 21 
57.3 | +0.6 | 3 stations..........-- 87 19 | Monticello... ......- 21 4 || 8.27 12.89 | 3. 79 
45.9 | +2.1 80 16 | Hollister. _.......--- 0 3 || 5.87 2 Bolivar. ..........-- 11.24 | Downing... 1. 69 
32.9 | +2.7 | Foster.......-.------ 75 | Hebgen Dam........\-18| 20 || 0.61 | —0.30} Adel_.......-......- 2.49 | 
86.8 | +1.2 | 77 16 | Madrid {.|—16 1} 2.87 | +1. 47 | 4.97 | Fort Robinson 0. 80 
4.7) —0.1 Vegas... 88 25 | Owyhee... ~1 19 || 0.84 +0.03 | 
35.6 | +3.4} Waterbury, Conn..-| 75 17 | Pittsburgh (a), N.H.|—19 1.49 | —1.76 | Somerset, 2.75 | Milo, Me......-.-.-. 0. 33 
41.9 | +3.3) 2 81 18 9 2 1.46 | —2.43 | Indian Mills. 2.73 New Brunswick..-... 0. 78 
43.4 | +01] 88 Elizabethtown 2110.71 ~0. 14 Cloverdale... 6.42 | 8 stations..........-- 0. 06 
36,2 | +4.2| 80| 17} North Lake... 1.98 | —1.08 } High Market. 3. 54 0.41 
51.4 | +41 | 3 stations...........- 88 | 217] Rockingham ........ 7 5 || 3.41 —0.97 | Mount Mitchell_.... 8.08 Terra Ceia..... 1. 03 
30.4 | +7.8 77 144| -10 2 || 0.74 | —0.09 | Fullerton_........... 2.23 | Pémbina............ 0.00 
.-| 42.7 | +3.1'| 81 16 | Norwalk ._......- 4 3.83 | +0.33 | 5.82 Putin Bay........../' 187 
50.7 | —1.4 | 86 27 1 2.62 +0. 53 | 7.3 | Elk T, 
Oregon...... 41.7 | 30 Lake 7} 5 || 277| ~0.36 | Willow Creek..__... 10.07 | Biley............--.| 0,26 
Pennsylvania_... 42.0} +4.5 17 est Bingham......| —6 2 || 2.61 | | Creekside. .......... 5.43 | Doylestown... 0. 69 
South Carolina 55.2 | +0.4 20 | Spartanburg 16 3 || 3.79 Jae . 15 | 2. i8 
South Dakota 34.9) +40 4 21 |} 1.26 a 18 | 
ennessee 61.1 | +1.7 19 | 3 3 |} 7.49 13: 66'| 2.84 
58.7) 00 31 | —1} 11 | 0.27 | Groveton... 9.70 | 3 stations........... 2. 6. 00 
.-.--| 3&3 | +04 27| W. —14 10 || 1.78 0.25 | Silver Lake. ......2. 4.47 | Fort Duchesne... 
48.2 | +2.2 18 | Burkes Garden. O} 1.86 | | 4.17 | Dale Enterprise... 0. 65 
40.4 | —0.1 723 | Lake 4 29 || 2.890} ~0.41 | Heather Meadows--_| 14.98 | Naches Heights____. 0. 06 
West Virginia... 45.4) +24 18 | 5} 266| 4. 97 | Upper Tract........ 0. 20 
35.1) Fons da Lae.......- 76 | °16| 1 Plum Island. 4.82} 0.40 
Wyoming........ 29.6] 70 | 214 Riverside -...:--..-- —29 20 || 1.21 | +0.19'}’Dome 4.40 Powell_.......- 
Alaska (February) -. 23.4 | +3.9| Annex 58 | 22) +51} 17 || 5.88 | +0:70} 28. 61 McKinley Park..... O11 
---| 70.7} 90} 45 | 26 |)10. 55 | Honokohau Ridge...) 61. 00 Kaanapali........... 0.47 
Porto Rico...........- 73.8} 2stations............ 94| 215] 7.24] +3.70| Jayuya_............ 18.65 | Santa Isabel.........| 0:10 
1 For description of tables and charts, see REVIEW, January, p. 43. ? Other dates also, 
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4a 


RRKRASRS 


150 


5825 


Taylor..... 


| 
= > & 
= 
: 
| 
I °F. | °F. In. | In. 
1.52; —2. 
2 30. 2.22; —2.1; 7 
| 2 30. 
2 30. 28; 28} 31) 26) 70} 1.32) —2.4 
30. 26; 0.02} 41% 
| 30. 2 108) —O.8 
30. 20; 40) 27 80} 0.99) 8% 
24 30. 29) 1,19) +2, 9 
30. 3} 22 33] 82) 2.14) —1.8) 9/14 
30. 21 31; 79) 1.81) —2.6) 912 
2 30. B2 34 1.47; —3. 
24 30. 31) 72) 1.88) —2.6) 10 
73 1 —2.1 
30. 34 —1.0) 11) § 
30. 2292] —@< 4) 
30. B5| 26! 30 1, 18} —2.9) 12 
y 30. 6} 37, 30 1,98} ~1.1) 8 
30. 38} 79] 1.11] —2.3] 10 
30. | 38 32} 68; 1.40} —2.1) 11 
30. 1} 40; 36) 32) 78) 1,99) -1.1) 10 
30. 23 38 1,28) —2.4) 10 
30. i 37] 87) 1.53)......) 10 
30. 5} 28 32} 74) 1.20)......| 11 
30. 1 | 36 32; 71 0.83) —3.2| 9 
30. 1 0) 41} 68) 1.47) 8) 
30. 1 9 35) 41) 35) 67) 1. —2. 6 8 
30. 1 2} 32 41) 77) 2.00) —2. 9) 
30. 1 | 41) 44) 38 1,29} —2. 5) 10) 
30. 1 20) 4 72) 2.18 —2.1) 
30. 1 0} 36) 43) 38 72) 1.95) —1.8] 12 
30. 1 | 36 35} 73) 1.53) —2,9 13) 
| 302) | 
BO. 1 42) 37) 73) 279) —1.2) 12) 
30. 1 | 46) 41 3. 83} —0. 13 
30. 1 22 82! 3.82} —1.6) 12 
BO. B} 41} 72) 2.78 —1.5) 12) 
1 | 28) 651 8} 83) 2.39) —1.2) 
BO. 1 44; 3.82) +0.1 8) 
14 5 75| +3, 88). 12) 
BO. 14 34 50}. 81) 3,34) —1.5) 
BO. 1 \ 2.81) —0.8 7 
BO. 1 i 76| 1.67) —1.8 7 
70.4; +0. 1. 42) —0. 
0 b0. 0 73. 5| +0. 9) 85) 21 3} 74 0.83) —0.6) se. 9} nw. 3} 19 0.0) 0.0. 
@ 12) 70. 0.0) 83 i 63; 59} 69) 0.88) —1. 27| e. 30, 12) 12) 71 4.5) 6.0/0.0 
( 0. 12) 05} 67.6) +-0.8) 86) 17| 77| 37 75) 22.55) —0. 8 e. sw. 1) 12, 10} 0.0) 0.0 
58.7) +1. 74, 4.97; 
+. 06) 54.8 80) 19] 2: 26 3} 70, 3.31) —25) 12) w.| 4)nw.| 2 8 6 
06) 58.3) +-1. 6) 83) 19) 68 48) 51 2,74; —2. 9) 9 6 
61.8) +1. 6) 84 20) 51, 1.47) | sw. | 9) 7) 13) 
& | 61. 6). 16) 68 21) 87; ; 29) nw. 17; 9 
60.8) +0. 5 75) 19) 67) 82) 26 57) 54) 81) 3.60 7 45) se. 1) 10) 12 
| 54.8) +2.3) 84) 19) 65) 22) 4) 44 11) 13) 26) se. ll) 7 
+0. 2 82] 65) 2 31 6.14) +0.4) 11 se. | 13] 12 
60. +1. 1, 79| 28 69) 31; 3] 53; 2¢ 52) 6.27; 9) 43) se. 1) 10) 1 
50.0) +1.2 84) 19 68 3 3.28} —3.1) 9 4 34) nw. ll] 9 
30.1 57. 5} +0.4 84) 18 68 33] +51 671) +6.14) +0.5) 12) 5,301) nw. 32) nw. 10 
30. 1 58, +0. 1) 83 31 6 g 74) 8.57) +2 11) 6, 243) 33' w. 1 
30. 1 68. 5| +0.7| 83) 31) 71 } 54 7.99) +2. 5, 8. se. ll) 8 7 
3.11) +0.1 | 
p. 81) 30.09) +. 07) 5 68} 31 3 y 8, 5.02) +-0. 5 5, se. ne. 10 
19, 59) 1 5, 723) 8. 38) 8. 13) 12 
30. 04; 08) 5 2} 19 62) 25; 43 2.93; —0.7| 11) 7, 244) e. 39! w. 31] 10, 6 
+. 05) 5 19 63) +26 47) 41 6.89} +2.0) 16) 7, 487) s. 34! 8 
31) 71) 30; 2 52) 3.22] +09 7, se. 40 nw. 
6| 31) 76 21} 61 0.17|......| 4] 858518. | 32s, 16 14 
| +.05) 64.6) —0.4) 86) 31) 71) 38) 2 Si 1.50 -0.4) 187) se.) 39 se. | 31) 6 
57.0)......| 79) 18: 66 dim. 11, se. 48 sw. 31 
+. 06) 56.6) —1.1) 81) 18) 66 47 2; 61; 2.19 0.0 7| 8,450) s. 8. ll 
| +. 07) 62.8} +0. 4) 74) 20; 68 30) 2 24 5} 81) 0,96) 9, 430) se. n. | 21) 10 7} 14) 
58. 82) 19) 31) 2 _ 9, 8. sw. 8 7 16) 
68.0} ~0.3) 82) 3 4 281] ~—0.6 11, se. nw. 21) 1 16) 
+. 06; 59.0) —0.1) 82) 19 68 30 2 0 4 3.41; —0.1) 7) 6,957) s. nw. ll) 8 18} 
62. 77] 27) 68 2} & 6 w. ll 15 
63. 2) +-0. 0 31) 2 71, 2.02) +0. 6, se. nw. 11) 
08! 60.0! +0. 3! 85 31) 3.31! +0, 7, se, 34’ 5s, 9 13 
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Elevation of 


instruments 


punoid 


GO 


“$1 


— 


SSSSSSSS5 


In. 


104 


1927 


Marcu, 


1 
1 


St. Louis... 


M.......- 


Mo. 


ille 
Memphis. ......--.... 
quette_........... 
‘0 
Green Bay-_..........- 


Milwauk 


North Dakota 


Bismarck 
Missouri Valley 


ngfield 
annibal_ 


and Ten- 
Ohio Valley 
Lower Lake Region 


neoln 


Port Huron... 


Ludin 

Sioux Ci 

Huron 

Pierre. 

Yank 


Mar 


Rochester............-. 
Grand Rapids_........ 
Houghton 


Pittsburgh ..........-.} 


Peoria. 
Spri 


Cairo... 
H 


Detroit. 


Dayton. 


Chattanooga 

Knoxv: 

Nashville. ......--.--. 
Li 


|| 

| | 

gird | | | in 

a | | | | 

Ft. | in °F, PR) or % In. | In. Miles| 

+3. 1} 5.91) 

30. 12} +. +1, 1 47; 41) 68) 8.77) +26 6, se. sw. a 

30. 11) +. 42. 19} 61) 2 42) 751 3.951 —1.¢ 4, 923) sw. sw, 7 an 

30. 09) +. +11 19} 61) 2 42) +69) 13.04) +7.3) 15] 6,421) sw. | 39) w. 31! 1 

30. 13) +. +2, | 46} 41) 72] 9.66) +42) 16) 7,725) s. se. | 13 

30. 13) +. +4. 0) 75) 16 +0.4] 11/10, 128) sw. nw.| 7 7 | 25) 0. 

30. 12) +. +3,0} 75) 1 | 43) 37) 68 +27 8, 148) s. 45] se. 13 7 | 3.51 0. 

30. 13) +. +2,7| 76, 19 72 5) +3.6| 10] 6, 763) s. sw. | 20 4 2.8) 

30. 10) +. +4,9|. 72). 16 53} | 30) 69 +2. 9, 722| se. | 12 10. 

30. 11)... 16 1 8, 8. se. 19 | T. 10. 

30. 09). 72 16} 54) 29 36 10) 8, 117] s. se. | 12 | 6 

30. 12) +. +5. 75 41) 36, 10) 6, 257| s. se. | 13 8 10. 

30, 12' +. +4. 16 2 74 +0.8) 9| 7,862! s. nw. | 26 T. | 0. 
30. 12)... 16] 53| 19 | 30) 35) 7 +0. ¢ 7, 421| ne. $. 13 T. | 0. 

30. 15, +. +3. 7| 75} 20) 54) 1 | 76 4,622) w. | T. 

30, 14] +. +4. 2) 76) 1 | 69) —0.7| 13| 4,676, se. | 33] nw. | 28 T. 10 

30. 12} +. +5, 2} 74] 13 19 34) 70 13] 8,857) w. | 44) w. | 261 4 T. 

3 38.7) +5.7 2.20) 
247| 280) 20,25] 30.10! +. 08) 36.2) +5.1) 69 3] 30; 82] 1,76 —0.9| sw. | 54] sw. 17,67] 25) 0.0 & 

10) G1) 29.60) 32.8} +5. 1) 64) 171 41/9 168) sw. 14} 14 

35} 76, 30.11) +. 10] 36.6, +5.4! 73] 17] 44) 10 80) 172) se. 1.3 
523 86| 102) 20. 53) 30.12) +. 10| 39.0| +7. 2| 76] 17 13 28} 1.81) —1.1| w. w. 6} 16, 6.8) 4,7) 
597| 97| 113} 29. 46] 30. 12] +. +6.7| 73] 17 12 2501 40.1] 12 s, 33) nw. | 16: 6.8) 7.2) 

714| 130| 166] 29. 31] 30. 10| +. 08| 39.4) +5.9| 72] 17] 46) 13 | 35) 30) 73) 2.25) —0.4) 12) nw. | 42) s0. 7| 10} 14) 6.4) 0.9) 
762| 190| 201) 29.27] 30.11) +. 08) 40.3| 70| 12] 46| 16 3} 3.62} +0. 11| s. 42| w. 7 20 7.4) T. | 

62} 70; 20.41) 30.11| +. 08] 41.0) +5.9) 71] 16] 48) 20 297] 12] sw. Ww. 3] 13) 15) 7.0) T. | 

628| 208) 243| 29.41] 30. 11) +. 08) 41.4) +6. 1) 70] 16 18 37| 74] 2.31] 0.0) s. | 43] w. 7} 14] 6.1) T. a 

856] 113) 124) 29.16 41.4] 71) 16 18 32} 74] s. 321 w. 6) 14) 6.2) T. 

258) 20. 30) 30.11) +. 08) 40.0) +6. 6) ¢ 1 35, 29) 69) 1.53) —0.8) 14| s. 35| w. 8 11] 6.8} 1.9) 

35. 3 +6, 2.05| —0. é 

609} 92] 29. 42! 30.11/ +. 31.8] +6.3/ 58] 17 2.50) +0. 5,6 w. | 10 & 

612| 54) 60) 20.41] 30.09! +. 05) 31.8} +7. 6) 17| 25, 81] 2.16) 13) 7,49 36) n. | 15 

632} 54| 89) 29.39) 30.09) +. 06) 37.5| +5.8| 64) 16] 12 34; 31} 82} 2.901 +0.4] 11) 8,05 31| w. 

07} 70} 87| 29.31] 30.10) +. 07 +6. 4) 70] 16) 47| 14 2.20) 4,58 23) nw. | 30) 3) 

668} 62) 99) 29.33) 30.08) +. 04) 29.8) +7.0) 54) 15 1.41] —@ 6, 80 35] w. 

878} 11} 62| 20. 13| 30. 38.0] +5.8) 70] 16] 46) 13 1.55] 131 4,92 22! sw. | 13) 10) 
637| 29.36] 30.08 36.6)... 62) 16 10 33; 80; 11) 7,67 31| s. 12) 

77| 111} 29. 27| 30.09 +. 05) 32.8) +8 0} 59| 16 8 2.17; 10| 7,44 sw. | 

638, 70 120| 29. 39] 30.09 +.06| 37.3] +6. 9) 64] 16 15 80] 1.25] —1.2) 13) 8,449 40| w. 2 

20. 40] 30. 12) +. 29. 5| +7.9| 51] 16] 37) —2 24; 8i| 1.83| 6.0! 11) 6,26 nw. | 1 5. 6} & 

673| 131] 29. 35) 30.09, +. 06) 42.0] +6.7| 48) 24 2) 73) 2.69) +0. 1) 121 9, 344 ne. | 20) 9| 6.4) 

617| 100! 29. 39 30.07) +. 03) 36.0} +7. 4/ 70] 16 9 83; 2.17) —0.2) 12) 8,6 33] n. 12| 5.8! 

681| 125) 139) 29. 32} 36.08| +. 05) 39. 5| +7.4) 63) 16 73} 2.40) —0.3) 12) 7,50 35| @. 11] 15) 6.9) 

1,333! 47| 28.81) 30,07, +.01| 30.6) +6.9) 52] 15 8 3} 79| 1.46) —0.1| 10) 9,37 41| sw. | 1 5.7| 

30.6| +8. 097) id 

240/50} 58] 29.01) 30.06) —. 02) 31.0} +8.3) 61 4 5} 79} 1.851 +0.7) 10) 6,76 n. 10) 17 7.2 

1,674) 8 28.21) 30,04) —.02| 31.9) +7.7| 65) 41) 10 27; 71) 0.90| 8,27. | 35| mw. | 22! 10) 10 5.2 

1,478} 11) 44] 28 42) 30.04) ~. 29.0/-+10. 60] 15 5} 1) 21 0.86} 10) 7, 63% | 23) 11) 9 11) 63 

1, 457; 10| 28. 45) 30.05)... 62] 18 41) 10; 2] 32). 9111, nw. | 22) 5) 15 6.6 

833] 59] 15 24) | | 40190, | 3110 12) 9... 

878| 41) 48) 27.98 30.01) 30.6) +7.7) 14 0.28} —0.4) 7,53 33) w. 46 

41,8) +5. 3.99) +1. 
918| 102) 208) 29. +5.9) 60 2.43] +08) 10] | 87] s. 15} 19 

837| 236 261] 29. + 67] 15| 43) 11) 2 207) +0.5) 10) 9, 35 | 41) se. | 15] 9) 14 & 

714) 11, 48) 29, 71) 16| 14 31 75] 2.21; 40.6 13) 4,0 20} s. 4} 10 13 ig 

974| 70, 78) 20. | + 7.7, 16, 46) 11 81) 3¢ 2.23; 0.0| 12) 7,517 ne. 16 

28. + 7.3) 15| 47} 3) 20| 31 1.83} 8. 9) 11) 

79) 29. | + 6.3) 72| 16 34 3.13) 40.9) 1 31 16 

84} 29. 5. 2! 73) 15) 32) 31 31 2.55) 351 sw. | 15 14 a 

96) 29. 6.1| 71] 16, 48) 2 2.18} 1 8. 16} 10; 7| 14 

64) “781 29. + 5.5} 73] 16) 53} 19 29 3 3.48) +11) 1 12} 12 & 
93) 29, + 2, 16 57| 23) 71} 8.07) +4.0)..1 sw. | 7] 16 

45) 29, + 6. 2| 72] 51) 20 34 4.55} +1.6) @ 12) 4! 15 
10} 91) 29. + 4, 8| 72) 16) 52 38) 28 35 6.59) +3.5 1 34/ ne. 31) 11; 5) 15 

109) 29. + 4. 4| 75} 16) 54) 17) 31°87) 20). 687441) 1 19} 11) 6) 14 

29. + 4. 78 2 7.67) +4. sw. | 9 16 
li] 84] 29. 4| 76| 1 7.66] 44.6) 12 sw. | 18] 11) 5| 15 

161| 181) 28 2. 8| 74] 15} 54) 37 4. 60) +1. ne. | 19) 1 12 

49) 28 74] 15) 83) 32 2! 71) 3.96)... é. 31| 6) 13 

104} 28. 1. 6) 74) 1 37] 32) 41| 71 7.46) +3. w. 20, 5| 6 

28 1. 3] 74) 15 3) 3 +42. nw. | 181 14 7! 10 

44.2} +1. 6) 74] 15, 54) 13) 3) 5.81) +3. se. 114 12 
11) 84) 28. 41.0} +3. 5) 74] 15 17| 21] 32} 31 71-2. 76) +41. 42} ne. | 18] 6 9| 16 

28. 41.0} +4.0) 75] 15 30 69 1.88) +0. 36| ne. | 11 8} 12 

54) 27. 34.2} +1.9] 66, 8| 44) 0) 21) 24 24} 69 2.50) +1. 30} nw. | 25) 3 17| 11 

94] 164) 28. 37.8} +5. 1] 70| 15| 46) 12) 21 34) 30] 78 216 +0. nw. | 5 15) 
4| 28. 34. 8 67| 1 2 74 1.82) +0. 37| s. 9} 10| 12 

37. 5. 5} 60 1 0.93; —0. nw. 2} 15) 10) 
57| 28. 37.0] +3.8) 68 21 1. nw. | 26, 6) 1i| 14! 


0.0) 0.0 


- 


a 
“= 
= 


Apnojo | 


Wind 


' 


40 


Precipitation 


4) 11) 16) 6. 


9,020) nw. 


13}13, 471) n. 


21) 7, 


Aypramy uveyy 


8 65)......| 7, 


1.27; —0. 


0.01 
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TaBLEe 1.—Climatological data for Weather Bureau stations, March, 1927—Continued 


19019 


Elevation of 


instruments 


Districts and stations 


152 


Nn 
eS 
= 3a 
sess 


73 


360 


4, 


Modena... - 
-|8, 47 
2, 


Tonopah: 


Region 
Region 


North Head_----.---- 


Middle Slope 

Southern Slope 
Abilene. .--..-- 

West Indies 


San Juan, P. R_-..--- 


1 Pressure not corrected to mean of 24 hours. 


Northern Plateau 


Southern Plateau 
Baker......---- 


Paso-.- 
Panama Canal 


North Pacific Coast 
Balboa Heights... 


Hawaiian Islands 
Honolulu. 


Middle Pacific Coast 


San Luis Obispo... 


Los 
San Diego. 


Roseburg. - ...--.----- 


‘Tatoosh Island 


Yakima___--- 
Portland 


Medford 


‘Tacoma... .....----- 


Port Angeles. _...--- 


kane..___-- 


Grand Junction. 
Boise 


Salt Lake City.-...----/4, 


Santa Fe... 
Flagstaff 
Phoenix_._.- 
Reno-...-- 


Roswell... 


Oklahoma City ..-.-- 


Broken Arrow - 
Amarillo. 


| 

Pt. | Ft.| Ft.| In, | In. op. fF) % | In} In. Miles | Ine 
+h. 0.97; —0.1 
505} 11) 44) 27.30) 30. +5.5| 61} 30] 42] 35| 28 0. 0. 5, 36] Ww. 8 
, 110} 87} 112] 25. 73) 29. +3. 3| 13] 45] 10] 19} 26) 32] 20 55} 0, 0.0 6, 33|'sw. | 14 
48] 56] 26.88) 30. ¢ +0. 9| 56} 30] 42] 9| 26) 27] 30 0. 69) —0.4 3, 37} sw. | 8 
371| 48] 55) 27.46] 30.¢ +6. 6| 69} 14] 45] 10] 26) 34) 30) 0.23) —0.5| 5, 39) nw. | 22 
259] 50) 58} 26. 58} +2. 0} 69} 14] 46] —2} 1) 24] 41) 29 65| 2.28) +1.2 6, n. 8 
84] 101] 23. 90] 30.0 —2.3| 59] 28] 40] —2| 21) 42) 26 1.93) +1.0| 13/10, 48} w. | 15 
60| 68) 24. 56} 30. —0. 6| 57; 21] 43} 0} 36) 27 67|_ 0.57| —1. 4, 48} sw. | 28 
790} 10} 47] 26.04) 30.{ 68} 14} 46 10} 23 28 62} 0:98)... 4, 34) 15 
241| 11| 48) 23.79} 30.( 51} 30] 37} 17 23 66} 0.65; —1. 5} 12} 6, 36} 8. 5 
821; 11) 51] 27.07] 30.0 —0.7} 66) 24 21 30 73; 1.26} +0.4| 11) 7, 64} ne. | 11 
-1.0 2.26, +0. 
__.|5, 292] 106] 113] 24. 65) 30.00} +. —3. 3} 66| 28] 1) 20) 25) 33, 30 2.29) +1.3) 12} 5,422) s. 35} w. | 31} 11) 11 
4 685] 80] 86] 25.21] 29. 96) +. 14] 52) —7| 1] 25] 44) 31 58] 1.18) +0.3| 5,527) e. 42|'w. | 12| 13) 6 
.--|1, 392} 50} 58} 28. 52) 30.03} +. 02 +1, 2} 73) 15] 51) 18} 3) 33) 32) 36 2.24) +0.8/ 8 7,358) 8. 33) nw. 5} 10) 16) 
11} 51] 27. 38| 30.03] +. 06] 41.8] —1.0} 78] 15| 1| 30] 42) 35 70} 1.73) +0.8) 9 9,550) nw. ne. | 18} 12) 9| 10 
41, 358} 139] 158] 28. 56] 30.01) +. 02] 44.9] —0.2) 72) 15] 54| 15] 2) 36) 29| 40 70| 3.90, +1.6| 077| s. s. i} 9 11) 11 
4 756] 11} 29.22) 30.05)... | 49. 76] 18] 60] 22] 3 8/11, 247| s. Se. 11} 11 
214} 10] 47} 28. 73| 30.03} +.05] 50.0] 0.0) 76] 30] 19 39) 43) 37 2.23] —0.2| 8| 9, 390) s. w. | 81) 10] 10 
54.8] +0. | 50] 0.52) —0 | 
_..|1, 738] 10] 52} 28 19] 30.01] +. 05 87| 27| 69] 24} 2| 45} 39| 47 60} 0.99) —0.4| 8,795] s. w. | 31) 9) 
676} 10} 49}. 26. 22) 29. 97) +. 02 | 79] 24] 63) 13} 1) 45) 37) 0,46) —0.2} 3) 7,532) sw. | 34) sw. | 21 5| 
944] 64] 71) 29.01} 30.00} +. 05 | 5| 2) 0.51) —0.7| 5] 8,491] se. | 42) sw. 12} 10) 
566] 75] 26.32) 29. 93} +. 03 | 81] 25] 68} 18] 21) 34) 50 21 0.10} —0. 6, 963) 8. 40| sw. 23 5 
0. 
152| 175) 26. 16) 29. 94) +. 06 | 78] 18] 68] 32} 12) 43) 42) 41) 24) 35) 0.28 —0.1) 7,695) Ww. | 58) w. 21 4 
013) 38) 53) 23. 17) 20. 93) +. 04 63) 27) 51] 10} 20) 28 31} 20} 0.73} 5,504) se. | 19) 16 7 
{6,907} 59] 23. 29.90] —.01| 62| 24] 48| 12| 9} 6,857] nw. | 31] sw. 18) 15) 11) 
__{1, 108} 10} 82} 28 79] 29.95] +. 04) 59 1] | 87] 24] 73 4 47 45} 0.24) —0. 2). 5} 4,202) e. w. 3] 17| 10) 4 
_.| 141} 54) 29, 82] 29.97] +. 03] 62.3 | 93] 24] 77} 42) 6 43) 49] 34) 42) 0.41; 3) 4,440| | 32) nw. 22 0 
..|3,957| 25] 25. 91| 29. 95] +. 01) 49. 241 65| 23] 15 41) 0.28) —0,2}. mw. 14 8 
40.6 —0.3 1.71] +0. 
7 5. 4 +. 04] 41.9] +0.9| 23] 54) 20) 1 34 +0. 5,133} w. | 38) Ww. 12} 11) 8 

344} 5. 6 +. 03 39.4} —0. 6] 68} 23) 51) 16) 16, 27 34 1.02} +0.i| 11] 5,814] ne. | 46] sw. | $i) 10| 17) 4 

—, 03} 38. 8} +0. 6| 68} 51} 18) 27) 41 1.50} +0.2| 8, 164) sw. | 58] sw. | 14] 15] 61 10 
| 16 5. 5 +. 01) 41.0} —0.7| 64] 27] 49) 21] 15, 33) 34) 34 2.97| +1.0| 13] 5,089) mw. | 42/ e. 8| 10| 13 
64 5. —.01| 42.0} —1.6| 69] 27] 53) 17| 21) 3 1.70] +1.0| 4,781] se. | 33) s. 14} 9} 12) 10 
41.1) —0.4 64| 1.28) —0. 

4 6. 4 +. 05} 37.2} —0.4| 59} 30] 47) 19) 1 32] 32 0.41) —1.0} 11} 4,618) se. se. 3] 10) 18 
7 7.1 +. 04} 42,0} —0.7| 63 2 16) 32 27; 1.28) —0, 4,255} se. | 25) nw.| 14) 13 
757| 4 +. 05) 44.4} —1.0| 71] 30] 54| 20) 25) 35) 1.51) 40.2] 13] 2, 883) e. 26| nw. | 21} 4) 10} 17) 
4,477) 5. 4 00} 37.4| 0.0] 57] 29| 46} 11) 1 31 6i| 1.26, —0.5| 9} 7,254) sw. | 33) sw. 2| 17) 12 
1, 929] 10 7.9 +. 03} 40.0} +0. 3) 65 24] 32) 31 1. 36] +0.2} 12} 4,230) sw. sw. 7| 19 
991] 5 B. +.05| 45.4} —0: 7| 67] 30] 53} 33] 27| 38 35 68) 1.84) 0,0). 14] 4, 133) s. iw. | 1 9) 16 i] 0.0 
44,8, —0.4 3. 32) 
211) 11) 56) 29.88) 30. 11) +. 10} 44,0) —1, 2) 53 34) 13} 41 82} 4.21) —0, 188] n. 63] 8. 9} 22 0 
29) 8 80,09). 42, 53] 12) 49) 29 20}. 1.68} —0.5| 15) 4,991) sw. 36) w. 17| 12 
| 215) 250} 29.95) 30.08} +. 09] 43.8} 58 33 40 73| 2.69 0.0] 16] 7,033] s. sw. | 12| 4! 11) 16 
| 194} 172] 201] 29.88! 30. 10] +. 10] 44.5] +0.3) 60] 29 30 1.99] 17] 6,072] 8. 38] Sw. 2) 14] 15 
| 86] 9} 53! 29.96] 30.06] +. 10] 43.3] +0. 4) 50] 28] 46] 36) 8 38} 84) 8 44) —0. 1) 25/10, 839] s. 65| 8. 4| 9 18 2| 
| 153] 68} 106) 20. 95) 30. 11] +. 09} 46.9} 0.0) 68] 29] 54) 34] 19) 40) 26 75} 2.11) —2 6) 17] 4,312} nw. | 20) sw. | 3| 11) 17 0 
510] g 29. 57| 30. 13} +-.09) 46.0] —1. 1) 69] 11] 56) 2. 12) —1.9}. 18) 2, 255| nw. | 23] w. 4) 13) 14 
51.6 —0.6 1.94) +2. 
62| 73! 89] 30.08! 30. 16] +. 10) 47.4] —0. 54] 35) 15) 41, 1 84) 3.95] —3.0! 16) 5,517) n. n. 11) 14} 0.0 
4 7) 18)... 2} 49.2) —O.4) 66] 22) 52] 42) 16 1. 9)16, 251] nw. | 61) nw. 13) 
332| 50 29. 70! 30.06) +. 02| 53.2}. —0.4) 81| 22] 63) 33) 1 0.98) —2.8}  6| 4,624 nw. | 26] se. | 13) 1¢ 8 0.0 
106, 117) 30. 00, 53.2) —1. 1] 79} 23] 62| 37) 16] 4 1.01] —2.0} 9} 6, 082| s. nw. | 18 16 7 p| 0.0 
1 243| 29.91) 30.08} +. 02] 54.2) 0.0) 76| 23] 61 1 49} 45) 76, 2.19} —1.0| 5,868, w. | 31] w. ll] 7| 13) 0.0 
141| 12) 110) 29. 94) 30,09)... 52.6} —1.1) 81! 23] 64) 35) 1 1.58} —1.0) 10) 4,611) nw. nw. | 14] 12) 8) 11 p} 0.0 
55.8] —0. 1.88} -0.7} 
327 98) 29.72) 30.08} +.07| 54.4) —0. 23] 64) 16) 4 41} 1.28) —0.5 4, 663) nw. nw. | 181 17| 6 8 p| 0.0 
338| 159 191) 29.68) 30.04) +.02| 57.4] —0.1| 85| 23] 65) 44) 5 51 7i| 2.07) —0.9| 6} 4,188) ne. w. | 101 12) 7) 12 0.0 
87} 62 29.95) 30.04] +. 02) 56.6) —0. 1) 71| 22) 45) 16) 50] 51) 47) 75) 2.05| +0.4) 9} 4,733) nw. 8. 4| 13 0.0 
201} 32! 40) 20.88) 30.10] +. 04] 54.7), 0.0) 85) 23) 65| 29) 44 47| 41 2,10], —1.9} 10} 3,358} nw. | 19 nw. 16) 8| 7 0.0 
54) 29.92) 75.0] —0. 80} 66) 9.88] +6.2] 20) 8,244! e. | 8 18) 5 0.0 
| 118} 7, 97) 29. 75) 29.87] +.01) 81.9) +0.7| 93) 21/ 91, 70 6 21 n. 0 0.0 
7 97| 29.86) 29.90} +.01) 82.6| +2. 0) 89) 30] 88 73) 1) 77) 13) 7 n. 4| 24) 3 0.0 
Alaska | 
1 29.66)! 29.75)... 35. 1 139} se. e. 1) 27 0.0 
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TaBLe 2.—Data furnished by the Canadian Meteorological Service, March, 1927 : 
Pressure Temperature of the air | Precipitation * 
Altitude 
Stati Sea level | 
mean on eve ae 
Stations sea level, || reduced | reduced Mean Mean i Total 
J » || to mean | tomean | fom mini- | Highest | Lowest Total from | snowfall 
1919 normal ||min, +2} normal | | | normal 
3° 
| 
Charlottetown, P. E. I........... 
Father Point, Que. 
Montreal, Que. 
Stonecliffe, Ont... 
Ottawa, Ont 
Kingston, Ont...... 
Port Stanley, 
Minnedosa, Man....... 
, Man..... 860 
Qu’ Appelle, Sask 2,115 27. 66 29. 98 —. 06 22.3 +7.4 30.8 13.9 47 —14 | 177! +1.0 17.6 | 
Medicine Hat, Alb. 2, 144 27.58 | 20.87 —.13 32.8) +83 41.2 24.5 58 0; 101! +0.25 
Swift Current, Sask.....2......-...2...-- 2, 392 27. 32 29. 91 -11 27.2 +5.2 35. 5 0 55 ill 1,42 +0. 61 12.4 
SG Mee... cwocdvonsevcdewcaasi 4, 521 25, 28 29. 96 +. 02 26.1 +5.9 37.9 14.3 48 —6 0. 25 —1.16 2.5 
2, 150 27. 56 29. 90 —. 06 25.8 +1.6 34.9 16.7 50 —4 0. 46 —0. 26 3.9 
1, 450 28. 40 30. 03 —. 05 22.3 +10. 3 32.2 12.4 49 —14 1, 44 +0. 67 i4.4 
230 || 29.81 | 80.07 | $21 49.2 38.8 56 32 1.85 | 0.0 
151 29. 98 30. 15 +. 07 63. 1 +0.9 70.6 55.7 75 45 2. 44 —2. 69 6.0 
LATE REPORTS, FEBRUARY, 1927 ee: 
Ottawa, 236 29. 78 30. 07 +0. 05 17.7 +6.0 26.0 9.4 47 —16 3. 68 +0. 99 36. 8 
760 29, 22 30. 11 +. 01 6.5 +8.1 14.6 —L5 41 | 0. 39 —0. 59 | 3.4 
3, 428 26. 30 30. 03 +. 04 16.7 +3. 2 27.5 6.0 50 0.70 +0. 07 7.0 
1, 262 28. 65 29. 98 +. 02 27.9 —0.4 34.3 21.6 49 —2 0.77 —0. 02 | 
Barkerville, B. 4, 180 25. 45 29. 84 —.07 20. 1 +12 23.9 39 —28 1. 89 18.9 
Prince Rupert, B. C_....... 170 44.0 33. 2 49 11 GR | 10 
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